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Abstract 

Synthetic crude oil produced from non-conventional 
sources, such as tar sands or coal conversion, has been the 
focus of much analysis. Unfortunately, most evaluations of 
non-conventional energy projects have dealt with technical 
aispeetskS andl i priivatessicostiiviabilaty: omnis thesis has 
attempted to assess the prospects for coal liquefaction from 
a social perspective and to determine whether private 
incentives to undertake liquefaction are in line with social 
desirability. This latter objective involved assessing 
overall private profitability as well as whether a private 
firm would choose the socially optimal input-mix. Where 
private incentives diverged from social viability, it was 
assumed that market failure existed. 

The four liquefaction projects examined were based on 
information contained in an engineering feasibility study 
and data from other sources, and were assumed to come 
on-stream in 1991. Each project produced 60,815 barrels per 
day of a 29.5° API synthetic crude from an identical 
advanced German liquefaction technology. Differences between 
projects involved the manner in which power and hydrogen for 
conversion were supplied. 

Rather than use the net present value criterion for 
comparing projects, this parameter was set equal to zero and 
the real annual increment in imported oil prices which 
Satisfied the net present value equation was calculated. 


This was meant to circumvent the uncertainty associated with 
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future oil price inflation. Thus, results are not contingent 
On’ anhyWGparticttare pace tSecenariowloccunrainge:duringesthe 
project life. In order to account for potential changes in 
Oil prices and provincial economic activity between 1982 and 
1991, three scenarios were developed for the real 1991 oil 
price. As well, the possibility of cost overruns was taken 
into account by including a scenario with capital costs at 
82 percent above their base case values based on research by 
the Rand Corporation on pioneer processing plants. 

Results of the analysis indicate that if current 
capital cost estimates are accurate and real increases in 
oil prices over the next several decades can be expected in 
the 2 percent per year range, coal liquefaction could 
present a viable alternative to imported oil. Also indicated 
is the possibility that, should liquefaction be socially 
viable, a private firm may not be willing to undertake it; 
and even if it is pursued, an inappropriate process design 
would be selected. Where capital cost overruns are 
Significant and the power of OPEC to sustain real price 
IintlaLloneinwOmearpruces §isyeeroded,) fcoal y biquefaction, 1s 


unlikely to be a viable alternative import substitute. 
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1.1 Problem and Approach 

The notion that Canada should be aggressively pursuing 
self-sufficiency in petroleum has received widespread 
attention in recent years. Continued importation of oil, it 
1s argued, maintains dependence on uncertain supplies of a 
crucial commodity as well as affecting the balance of trade 
in an unfavorable manner (Berkowitz, 1981). Aside from 
measures aimed at conservation, discussion has focused on 
the efficacy ef substitutingtidomesticwhproduction efer 
recat st Thais amposthsubstigutdon couldaroriginate fromtha 
number of alternative sources. These include increased 
production of conventional petroleum from enhanced recovery 
and frontier areas, and synthetic oil from non-conventional 
sources such as _ tar sands and coadn It is the 
non-conventional option which presents perhaps the greatest 
long run potential. Although tar sands development has_ been 
vugenouslywistudbzed @andaépromoted, o11 from coal, or coal 
liquefaction, has received minimal attention. This is due to 
the seemingly lower private production costs of syncrude 
from tar sands (Dynawest, 1983). Despite this, a full 
accounting» of all social benefits and costs of the two 
alternatives has not been made and there is some evidence to 
suggest that liquefaction may appear relatively more 


attractive from this perspective (Dynawest, 1983). 
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Technically, coal conversion can be described as a 
means of upgrading coal to a higher quality liquid fuel by 
adding hydrogen under conditions of high temperature and 
pressure and usually in the presence of a catalyst. Present 
research centers around optimal use of@icatalysts, 
temperatures, and pressures, as well as scale-up BO 
mega-project commercial size. Liquefaction is a 
well-established chemical procedure dating back commercially 
to pre-war Germany: 

Despite some technical and political considerations, 
the argument over import substitution, whether from coal 
liquefaction or other sources, is largely one of the 
economics of market failure. Obviously, if a perfectly 
operating market for petroleum existed, import substitution 
would be simply a matter for domestic costs versus import 
COSES! Domestic production, both conventional and 
non-conventional, would take place up to a point where the 
marginal ssupply cost*® wase .equaltettonsthereimporttecharge; 
assuming sufficient demand existed. 

In reality, such a perfectly operating market does not 
exist. The simple market solution based on private costs 
will be prevented in the presence of any of the following 
market oedistortions: “"monopoly!*power, ©'price® or (quantity 
controls, taxes and subsidies, external effects and other 
market imperfections" (Treasury Board, 1976, 13). The 
argument over import substitution revolves, in part, over 


the existence and degree of these distorting factors. 
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If it were agreed that market distortions did exist, 
then one could envisage them leading to one of the following 
possible situations (Little and Mirrlees, 1974): 

1. a project may be viable and optimal from both a private 
and social perspective, despite any market failure; 
2. a project, due to market distortions, may be viable and 
optimal from a private but not a social perspective; 
3. a project, again due to market distortion, may be viable 
and optimal from a social but not a private perspective; 
4, a project may be neither viable nor optimal from either 
perspective regardless of distorting factors. 
The first and last situations do not present any allocation 
problems and can be effectively disregarded. The second 
Ggucumstancey privateubutlnotescciataviabilatyesis arelevant 
in certain areas of project analysis. However, with regard 
to import substitution and nonconventional energy projects, 
it is the third situation which proves most interesting. It 
is in this case, where social returns are greater than 
private returns, that economic theory advises some form of 
corrective action such as subsidies to bring market returns 
in iineoewrthe socialsodésirabialitytonin pfactgeulPresident 
Carter's 1979 program to «encourage development «of an 
American synfuels industry through establishment of the 
Synthetic Fuels Corporation is a prime example of such a 
measure. 
Analysis of coal liquefaction, as an import substitute, 


lends itself well to the market distortion perspective 
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Suggested above. A divergence between private and social 
desirability may occur with respect to two issues: the 
overall Srprokitababity ofhlique factronpmrand thus the rate of 
industry development, and the choice of technology or design 
parameters to produce a given output of syncrude. In the 
former case, social returns to liquefaction must be compared 
to the on-going costs of oil importation. Where these social 
returns justify pursuit of a liquefaction alternative, 
Private returns will indicate whether a private firm would 
be willing to undertake such a project. If these latter 
returns are insufficient to induce production, market 
failure would appear to be evident. 

With regard to choice of technology, a similar argument 
applies. The numerous’ liquefaction processes available 
suggest a wide range of potential private and social costs. 
But 'technology' is not used here in this sense; rather, the 
reference is to the various design or input-mixes which are 
possible under the auspices of any one process. This 
involves choice of hydrogen production technique, power 
source, and use of by-products. Where there is a divergence 
between private and social evaluations, particularly with 
medacdastostinput! and tassoctatedndbysproduct feprices;tythe 
potéentialuefortian inappropriate Tchoiceudof processedesign 
exists. 

Since development of a commercial-scale liquefaction 
facility would require at least 8 to 10 years lead time, the 


policy implications of market failure may be significant. 
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Research and development focusing on a non-conventional 
energy source which does not provide net social benefits, or 
on a process design which is non-optimal, may have large 
social cost implications. Thus the need for analysis of 
potential policy options at an early stage of development is 
apparent. 

Based on the above discussion, the objectives of this 
thesis can be reduced to the following two questions: 

1. Is liquefaction a likely candidate for development on 
its own merits (not vis-a-vis other substitutes) and if 
so, would a private firm be willing to undertake it? 

2. Of the various design or input-mixes available, which 
Ooptionrdrs sociablyrmoptimadl, Seandtwotldéa privateefinm 
make this choice? 

in order atoerpetiorm uanyS sortelofatbenefit-costvaor 
financial analysis calculations, a reliable source of cost 
data must be found. Fortunately, research work co-sponsored 
by Algas Resources Ltd. (now Noval Technologies Ltd); 

Alberta Energy and Natural Resources; and the federal 

Energy, Mines, and Resources department was made available 

for the analysis here. This work comprised a comprehensive 

mid-phase study of the technical and economic feasibility of 
coal i ‘liquefaction sinh Alberta. The study, o»-entitledeCoal 

Liguefaction Plant Feasibility Study (Kilborn Alberta Ltd., 

1981), is an engineering analysis and, as such, includes 

basic cost and technical data as well as preliminary 


cash-flow and rate of return information. 
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Analysis in the Algas study involved two alternatives, 
each using natural gas as a hydrogen source but differing in 
their power supply configurations. Based on technical and 
economic studies done elsewhere, it was decided for this 
study that other alternatives involving gasified coal as a 
hydrogen feedstock, rather than natural gas, should be 
included. As a result, four alternatives are analysed here 
based on different hydrogen feedstocks and power sources. 

Costs for the two additional alternatives are developed 
from American data making use of the methodology from the 
Algas study. The cost of coal 1S estimated separately based 
on the differing volumes required for each alternative. 

In order to determine the potential for liquefaction 
from a social perspective, benefit-cost analysis is applied 
Eoonther fouruealternatadvestusing soctatrrathernthanéprivate 
costs. Since future increases in oil prices are SO 
uncertain, the real rate of increase in current prices is 
taken as the choice variable rather than the project's net 
present value, which is set equal to zero. Solving for this 
Parameter gives a 'required' average annual real increase in 
the output price which represents a minimum value in order 
for the project to be socially viable. These required rates 
of increase for each project can then be compared to 
historical averages and forecast rates as well as to those 
for the other four alternatives. 

For comparison, a financial or market analysis is done 


on the same four alternatives using the same breakeven or 
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required oil -price approach; but with market prices and 
private discount rates used instead. Results from the two 
forms of analysis are compared and discussed and a case made 
for the existence of market failure. Following this, the 
implications of the analysis are examined in terms of 
potential social losses and public policy, especially with 


regard to research and development. 


1.2 Scope and Outline 

There existS a wide array of complex issues concerning 
import-substitution and the role coal conversion could play. 
In order to limit the study to reasonable bounds, a number 
of factors are not discussed at length. The suitability of 
liquefaction vis-a-vis other Substitutes (tar sands, 
frontier production, and enhanced recovery) is not explored 
in detail. The analysis also abstracts from questions of 
income distribution and equity, concentrating instead on 
efficiency considerations. 

Invaddition.,. extensive" discussiom off the’ coale wand 
petroleum industries is not included. The plains coal 
industry centers primarily around power generation where 
utility companies hold a lease and hire a contractor to mine 
the coal. The relevance of this industry, outside of 
Compeerbion |witheliquetaction for coal, wis limited sihe oil 
industry is more likely to be involved in liquefaction. Esso 
Resources, for example, are examining the Judy Creek area as 


a potential liquefaction site (Jones, pers. comm.). Where 
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relevant, the oil industry is discussed in the text. 

The thesis is structured in the following manner. 
Chapter 2 presents a literature review of import 
substitution and the arguments for market failure with 
regard to this activity. Chapter’ 3 “briefly reviews the 
historical and technical background to liquefaction as well 
as presenting the cost estimates for the alternatives 
examined. Chapter 4 first discusses a number of economic 
considerations in analysing liquefaction and then proceeds 
with the development and application of an algorithm for 
social assessment of a liquefaction project. Chapter 5 uses 
a Similar approach but maintains the perspective of a 
private firm in performing a financial or market price 
analysis. Chapter 6 discusses the implications of the study. 
The final chapter summarizes observations and results and 
presents the conclusions of the thesis. Detailed cost 
estimates and statistical manipulations are contained in 


appendices. 
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2. The Economics of Import Substitution Using 


Non-conventional Energy Sources 


2.1 Introduction 

This chapter reviews the theory and evidence on market 
failure in the market for non-conventional energy, with 
Special reference to synthetic oil sources. As previously 
suggested, there is significant polarization over the notion 
of whether the paucity of non-conventional energy projects 
results from a lack of appropriate market incentives or 
whether, instead, this arises from accurate market signals 
whoehdsamplya@refleat, poor social profitability. “Specific 
distortions which are most often mentioned in association 
with non-conventional energy are the following: 
inappropriate pricing polices, discrepancies between private 
and social discount rates, regulatory uncertainty, and 
non-appropriable benefits and costs. Whether these lead to a 
misallocation of resources and whether’ some form of 
corrective Polae y is in order to encourage import 
substitution may depend on several factors besides the mere 
presence of such distortions. We turn now to a discussion of 
the qualitative mature of possible distortions and the 


results of relevant empirical work. 
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ZeeePricing 

Despite the fact that viewpoints on promoting import 
Substitution fall into two camps, either vigorously 
Supporting subsidization due to the unique problems of 
Synthetic fuel development, or advocating treatment similar 
to that accorded to any generally competitive industry, 
there is almost uniform agreement among economists that the 
domestic oil price should move to world levels. In a sense, 
as Joskow and Pindyck (1979) point out, world price for oil 
would represent a non-structural solution to excess demand; 
rising prices would reduce quantities demanded and encourage 
expanded production. 

In fact, a world price received for domestic production 
might remove a perceived need for subsidies in two ways. 
First, there is the simple notion that a higher price may 
mean projects seen as being socially profitable while 
privately not so, will now become feasible from ~both 
perspectives. This would remove any concern over subsidies 
Since they presumably would not be needed. A second notion 
is that private companies, in receiving world price for 
conventional production, would have much larger cashflows 
from which to draw for the financing of non-conventional, 
capital-intensive projects. This would alleviate two 
potential distortions associated with financing large 
projects: the difficulties associated with the sheer 
magnitude of financing, including associated risk; and the 


uncertainty associated with government participation in 
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financing which these sheer magnitudes often necessitate. 
Donner argues this latter point when he states: 
The problem with large project financing is that 
government involvement, although necessary, tends to 
inhibit the attraction of private capital because it 
sets up a completely new level of risk for 

investors. (Donner, 1982, 59). 

Another area »of concern sisethe particular method: by 
which prices are regulated, a point mentioned by Joskow and 
Pindyck (1979) and applied to the Canadian scene by Wirick 
(1982). Governments, in order to prevent the possibility of 
windfall profits should large unexpected price increases 
occur, have developed 'formulas' which average historical 
Pricesivory creatediaedceidingelforasunit ireturnstbubenotte 
compensating floor below which prices will not be allowed to 
fail) 

fteds, this sorteof spirit whichilpervadesrathe @Federad 
and Alberta Governments' pricing agreement of 1981. Outlined 
in this agreement is a formula for the synthetic fuel price 
Or New Oil Reference Price (NORP). The effect of this 
pricing scheme is the following: 

If depressed markets force world oil prices well 
below the NORP, then the hypothetical megaproject 
seturnsortalle accordinglykd Onuethe gotherphandsedt 
tight market conditions drive international prices 
well above the NORP, domestic returns rise only at 
the level of a (one-quarter lagged) two-year moving 
averager (sist iddwsubgectetoithe pracemeeiling@oftthe 
Current actual world’ price. This’ means that. if a 
temporary shock for a limited time drives world oil 
prices sharply above the NORP, producer returns may 
never fully reflect these buoyant market conditions. 

(Wirick, 1982, 545) 

With the upside profit potential capped and the downside 


risk left open, expected returns from such projects are 
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necessarily lower and some marginal projects may be 
inappropriately discarded. 

More crelevantceto vthe ~-casexlof scliquefaction isitsthe 
prac rng of certain inputs and associated co-products. Due to 
the technical nature of coal liquefaction, hydrogen 
requirements can be met in several ways: through steam 
reforming of natural gas or via gasification of a coal-like 
residue which remains after liquefaction. Natural gas could 
be expected to be available at the domestic price which is 
approximately SOMREOMEOCUMEDErCeNnt) Gofr athe™ hexporteeprace, 
depending on the export value chosen. Although use of 
effectively subsidized natural gas may in part compensate 
for a regulated price on product output, there may be 
implications from this regarding the socially optimal 
technology. If current price signals encourage a wrong 
choice, social costs will ensue despite apparent private and 
social viability. This topic is developed at length in later 
chapters. 

An additional consideration with) liquefaction’ is» ‘the 
possibility for co-production of power. The large quantities 
of solid process residue and fuel gas produced as 
by-products of liquefaction are potential feedstocks for 
fossil fuel-fired power generation. Incremental construction 
costs associated with producing power from a liquefaction 
facibhity hare plower ethantcosts: fome stand-alone gphkants.) tthe 
social benefits of this power would be the cost advantage of 


the liquefaction site over marginal costs for new facilities 
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elsewhere. Where the regulation of electricity prices 
results in received-prices well below provincial grid 
marginal costs, incentives for such 'co-generation' outside 
the provincial grid may be lacking. Such a pricing situation 
can be maintained because a public utility has the ability 
to offset losses from higher-cost plants with rent from the 
lower-cost facilities; a stand-alone liquefaction plant 
exporting power, even with marginal costs lower than those 


ofeehetpubliceutilitvesF couldfnot do thas. 


2.3 Discount Rates 

Distortions in capital markets, through their impact on 
discount rates, have also been argued to limit the 
allocation of resources to non-conventional energy projects. 
The case for this proceeds as follows; certain imperfections 
in the capital market are said to lead to the _ private 
discount rate being higher than the social rate resulting in 
construction of a suboptimal number of capital-intensive 
projects. For such projects, the small proportion of cost as 
ongoing operating expenses means that the present value of 
costs will decrease by a smaller magnitude than the present 
valuesofrrevenuesysas theediscountaratesis ancreasedimedt is 
possible then that some capital-intensive projects, although 
socially profitable, may not meet private rate requirements 
where the private rate is too high. The question then 
becomes one of whether the rate is unjustifiably high 


relative to the social rate. 
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Although a number of factors are often mentioned to 
explain why private rates would be too high, two appear to 
be most relevant to the case of large energy projects. These 
are distortions*arising from risk premiums*°and° “taxation. 
Risk is said to be lower in the public sector due to the 
ability of governments to spread risk over many projects as 
well as many individuals (Joskow and Pindyck, 1979). Private 
firms tend to have their risk more concentrated, leading 
them to expect higher returns aS compensation for the 
greater range of possible outcomes. In fact, risk premiums 
in non-conventional energy investments appear to be very 
large. The desired real after-tax return for the Alsands 
project was 10.5 percent (Mariash, pers. comm.) compared to 
economy-wide rates in the order of 5 to 7 percent (Helliwell 
and May, 1976; Tarasofsky et al., 1981). It is not entirely 
valid, however, to compare a desired rate with historic 
rates, since desired rates will not always be realized. 

Where risk premiums are very large it may be argued 
that some form of government assistance iS appropriate. 
Joskow and Pindyck dispute this: 

If new energy technologies are inherently risky, 
there is little reason to believe that the 
government can make them any less so. Government 
Only ShHiftseriske trom investors) stOe taxpayers: (it 
does not eliminate it. (Joskow and Pindyck, 1979, 

1719) 

Thus, subsidies will not change the probability distribution 


of returns, only reduce the disutility arising from any 


particular return from the perspective of a private firm. 
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Concern over taxation focuses on the role of taxes as a 
ewedgentibetweenmenetsofstax "returns, upon which private 
investment decisions are made, and gross returns, which 
Leelecemthe@tnue cppontunity scost sof i fproject Scapital t6 
society. A dispute over the distortions created by taxation, 
in part, reduces to a discussion of which is the appropriate 
social discount rate, the time preference rate, approximated 
bystheealterstax@returneon tsavings, or the opportuni tye cost 
of capital rate, approximated by the pre-tax return on 
marginal investments. This abstracts from issues such as 
intergenerational equity and risk which are also involved in 
the difference between discount rates. 

It is often maintained that the proper discount rate 
for a public project will depend largely on the source of 
funds; personal income tax revenue would imply a time 
preference rate aS moSt appropriate, since conSumption is 
affected, while capital market borrowing would suggest the 
OpBoLtunityecosteotmfundssapproach¥ due. to “its effect yon 
investment (Mishan, 1976). 

Joskow and Pindyck (1979), in discussing 
non-conventional energy, argue that the relevant rate for 
social purposes should be the gross-of-tax rate since 
Gapltaltelise® withdrawn@ from the private” ‘sector? ethereby, 
losing returns from private investments that would otherwise 
have been made and losing tax revenue that such investments 
might have generated." (Joskow and Pindyck, 1979, 171). This 


seems plausible in terms of the use of funds but it remains 
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unclear as to which rate iS appropriate for inter-temporal 
discounting of benefits and costs. 

Besides creating a potential distortion merely from 
their existence, taxes could cause a further distortion if 
they become a component in the political-corporate 
bargaining process which precedes government approval of 
certain investment projects. For non-conventional energy 
projects this appears possible. Wirick, referring to the 
Canadian context, states: 

Ideally, governments should tax away only ‘excess’ 
returns (rent in formal economic terminology). Yet 
given the technical complexities of the megaprojects 
and the bargaining inherent in government-firm 
discussions, it is far from easy to establish what 
part 1S necessary return and what 1S economic rent. 
Companies will posture and threaten to cancel the 
development unless their revenue share 1s increased. 
The two governments (while pressuring each other for 
further concessions) will argue that returns are 
already adequate and will threaten to allow the 
project to collapse rather than acquiesce in 

“unreasonable tedemandse* (Wirick, }1982; 2545) 

In addition, where excessive or inadequate taxation 
results in a divergence between pre-tax rankings of various 
projects' returns and after-tax rankings, project-by-project 
bargaining will lead to social costs. 

Several observations emerge from our discussion of the 
discount rate issue. First, private firms wishing to engage 
ineisyntheticy fuel production expect higheriafter-tax rates 
of return than average after-tax returns economy-wide. 
Presumably, this is a result of above-average risk levels 


experienced in non-conventional energy investments due to 


uncertain revenues arising from world oil market conditions 
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and government regulation, and uncertainty over actual final 
costs. Second, if taxes are negotiated on a 
project-by-project basis, private after-tax returns may not 
properly reflect social desirability where this is based on 
gross-of-tax returns Since consistency among the pre- and 
post-tax rates of return for these projects may be lost. 
Finally, although the private rate may be higher than a 
social rate applied to the same project, it is unclear 
whether tax and risk factors justify this, and further, it 
is uncertain what social rate should be used in assessing 


the net social benefits of non-conventional energy. 


2.4 Regulatory Uncertainty 

Existing regulation, such as administered prices and 
environmental controls, has been HoeE ceed as a possible 
source of market imperfection inhibiting the optimal 
development of a synfuels industry. In addition to concerns 
over these current circumstances, uncertainty over future 
regulatory action may also represent a distortion. Before 
elaborating on this, however, it is necessary to distinguish 
between 'direct' uncertainty, where unknown future actions 
of governments result in riskye frome situabaonst rod 
'reflected' risk (Schmalensee, 1980). This latter term 
refers to cases where uncertainty originating elsewhere is 
passed on to government legislators. A prime example of this 
is uncertainty over future environmental regulations which 


exists because actual environmental effects are presently 
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unknown. This is discussed further in section 2.5.5. 

Direct regulatory uncertainty arises primarily with 
respect ttovpnices@andeasmaghresulthe profits hed! tolhasenbeen 
argued that even if current prices were allowed to rise to 
world levels, there is no assurance that such a policy would 
continue into the future (Schmalensee, 1980). 
Non-conventional energy technologies, with their heavy 
front-end capital requirements, may be especially vulnerable 
to the vagaries of government pricing policy Since 
production, once begun, must go on in order to recover any 
POGENOn FOLeSUNKE Capital (costs. 

Wirick (1982) points out that the existence of price 
regulation and an uncertain world do not in themselves 
create a market distortion. This only occurs when either of 
two requirements are not met. The facet usGithat tpricess 
taxes, and royalties must be specified for each state of the 
world or level of world prices. Secondly, any agreement to 
such a schedule must be equally binding on all parties. 
Given these conditions, a socially optimal rate of industry 
development could occur in the absence of other distortions, 
atchoughsmthism wourtd dikely@ubes lowenmtthan ewhere such 
regulation ‘did» not exist if prices arevset bélow itheinefree 
market values. For Canada, the first condition is reasonably 
well satisfied by the energy pricing agreement of September 
$96 iusAlthoughwrt onliy@especifies#epricesesguntals 1986e@seThe 
second condition does not appear to hold for the Canadian 


case. The mere fact that a rewriting of this agreement seems 
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likely, based on a significant drop in the world price in 
early 1983, is sufficient to make this point. 

Although subsidies might be the prescribed solution to 
a distortion such as regulatory uncertainty, it would be 
bronical if avfirm was paid a» subsidy) tooralleviate (risk 
induced by the very source of subsidy funds. Instead a more 
logical step would be to eliminate the source of distortion 
through appropriately drawn up agreements which attempt to 
partition the nature of the risks involved, and to address 


each separately. 


2.5 Non-appropriable Benefits and Costs 

Discussion SO far has centered around market 
Gestortnonstawhichesabfecteathe ™privateyaprofitabrl pty of 
non-conventional energy d neOT ETRE In addition to these 
are possible non-appropriable benefits and costs. These 
accrue outside of a private accounting stance but represent 
part of socially relevant values. It iS sometimes argued 
thatdathese@eiactocspmefore iwhichaaiay,.private hum does not 
receive or pay proper recompense, also require corrective 
actiongtaniethetia@iorme of feprctecthivel tarifishonigovernment 
subsidies (Schmalensee, 1980). The efficacy of such action 
will depend on the degree to which these non-appropriable 
effects exist and whether internalizing them in the _ social 
evaluation of non-conventional energy investments represents 


the best means of dealing with such externalities. 
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2.5.1 Learning Effects 

One of the major factors cited in arguments favoring 
subsidization of new energy technologies, especially initial 
projects, is the supposedly pervasive nature of learning 
effects that would be associated with commercialization. 
Learning effects, refer to a situation of falling long-run 
marginal unit costs as cumulative industry output rises. 
These effects, which are dynamic and industry-wide in 
nature, are not to be confused with the static effects of 
intra-firm economies of scale. Learning effects, to the 
extent that they are industry-wide and result from the 
actions of a single firm, can represent a technological 
externality wherever a firm is not able to internalize the 
value of their experience. Thus, situations may occur in 
which some form of subsidy is Boece ean 

Zimmerman has summarized the problem of learning 
effects and their relevance to new energy technologies: 


The policy debate has centered on the wisdom of 
government subsidy foL the construction of 
large-scale commercial plants. The goal of 
subsidizing the plants is not to _ produce new 
technological information, since the technology is 
already proved. Rather, the goal is to overcome 
obstacles to the introduction of the technology by 
the private sector. These obstacles are claimed to 
be of an information nature. It is argued that there 
are significant learning externalities. Rirst, 
observing other's experience leads to lower 
construction costs. Since the benefits can be 
realized by another's investment, there is too 
little incentive to invest. 

Second, private firms know the technology will 
work, but they do not know how to forecast the costs 
accurately. The economics of scale-up are unclear 
and can only be made clear by the construction of 
large-scale commerical plants. Only the construction 
of new commercial-sized plants can resolve this. 
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Furthermore, the whole industry learns from any 
firm's investments. (Zimmerman, 1982, 297) 
The first set of external effects involve learning by doing 
while Zimmerman terms the second group "learning about 
costs" (Zimmerman, 1982, 298). Each case may represent a 
distortion yet their effects may influence future industry 
development differently. 

They concept. ot betearning =by doing “1s -basedion the 
presence, in some industries, of a learning curve. This 
curve relates marginal unit costs to cumulative industry 
output and is downward sloping (Spence, 1981). If a firm is 
able to appropriate the reduced-cost benefits from learning, 
ercherm through patents or licensing, or if it is» the) sole 
firm engaged in a production process, then no externality 
will occur. There are thus two questions to be asked: does 
learning by doing actually occur for new energy technologies 
and, if so, does part of the benefit generated occur as an 
externality? 

Schmalensee (1980) points out that most studies of 
learning-related cost reductions have shown that these are 
more relevant for labor-intensive industries rather’ than 
Capital-intensive industries such as energy. He goes on to 
cite two studies of learning by doing in development of the 
nuclear power industry, a highly capital-intensive industry. 
One of these, by Mooz (1978), showed that indeed capital 
cost reductions did occur with accumulated experience but 
that there was no evidence of learning-related externalities 
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keannedeeiromiGgthat Berogectfihow to reduce costs on later 
plants" (Schmalensee, 1980, 22). The second study, by Joskow 
and Rozanski (1979) examined the significance of increased 
reliability of nuclear plants as a function of cumulative 
industry output. Although they find "technological 
improvements increasing the ultimate capacity factors of new 
plants at a rate of about 5 percent per year" (Joskow and 
Rozanski, 1979, 167); Schmalensee points “out that their 
conclusions apply movegttoe with-in. plantngrathernesthan 
industry-wide experience. 

An alternative empirical result was produced by 
Zimmerman (1982), who also tested for learning in the 
nuclear power industry. He found as well that learning by 
doing was present and resulted in falling unit capital 
coséstimUsing” aSecstatistreal Rede saicn approach, he showed 
that the first plant reduced the capital cost of the second 
one by 11.8 percent and the second plant reduced the capital 
cost of the third by 4 percent. But unlike Mooz, he _ found 
that a portion of these benefits were not internalized and 
did actually occur as an» external economy. Based on his 
analysis, with cumulative completed plants as the measure of 
experience, the value of the externality was approximately 
half that of the internalized benefit. Despite this 
Zimmerman concludes that the cost savings per plant 
constructed were small and more _ significantly, they had 
little effect on the rate of commercialization. Thus, in the 
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subsidies would not be justified. 

Learning about costs represents a process of reducing 
uncertainty over technology and its relationship to costs. 
To the extent. that ‘investment decisions are based on 
inaccurate expected costs, sunk costs can mean large social 
losses such as in cancellation of the Alsands project, for 
example. Thus, such information is valuable and problems 
arise when this information cannot be kept private. Such a 
Situation suggests corrective action. Taking the case of 
coal gasification, Schmalansee states: "If, for instance, 
Oneeccan) learn«the coststofshigh-Btu Coalsgasification- only 
by building a commercial-scale plant, and if the knowledge 
thus gained cannot be patented or kept secret, there may be 
a case for government support of such a plant's 
Construction. } (Schmalansee, 1980, 57 ie 

Merrow et al. (1981), in a study for ~ the Rand 
Corporation, have shown that for first-of-a-kind energy 
processing plants, cost overruns can be very significant. In 
a sample of 44 plants, the average ratio of actual final 
capital costs to estimates at the R&D stage was 2.04. This 
ratio fell through successive stages of project development 
and revised estimates. The major factors influencing cost 
overruns were: cost uncertainty associated with a project 
itself due to an early stage of development, uncertainty 
over the process involved, and external factors such as 
strikes and regulatory delays. By subtracting out the 


effects of external factors, Merrow was able to describe 
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overruns in terms of project and process factors by use of 
regression analysis. 

The resulting equation, which is contained in Appendix 
3, made use of a number of explanatory variables with the 
ratio of estimated to actual cost taken as the dependent 
variable. One variable incorporated measured the proportion 
ofgecosts Sattributable “toe unproven BtechnelogylLait canbe 
deduced from the t-statistic calculated for the coefficient, 
which is by far the largest t-statistic, that learning about 
costs can significantly influence cost estimation error. 
Based on the coefficient value for the unproven technology 
variable, a 10 percent decrease in the proportion of 
unproven technology costs would result in just under a 5 
percent decrease in the average cost estimation error 
(Merrow et al., 1981). Bkpressededt elasticity terms and 
evaluated at variable means, the elasticity of cost growth 
with respect to the percentage of new technology is -.83 
(recall cost growth is defined as the ratio of estimated to 
actual costs). 

Zimmerman (1982) also tested for the presence of 
learning about costs in his sample of nuclear power 
projects. He found that this factor was present as well and 
resulted ina 21 percent reduction in estimation error from 
the: first to the second plant)}®ae reduction of* 7apercent from 
the’ second to the third, and a 4 percent reduction in 
estimation 'erroromang the: + fourth plant. According to 


Zimmerman's calculations, half the value of the information 
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generated by preceding plants was internalized with the 
remaining 50 percent representing the externality. Despite 
this he concludes there was little impact on the rate of 
commercialization since a large number.-of plants» were 
commissioned before information from early plants was 
available. This finding could have great significance with 
regard to crash development programs for other 
non-conventional energy technologies in that these programs 
may prevent the incorporation of information about costs. 

Estimation accuracy improves through successive plants 
aS expected capital costs tend to increase with better 
information and actual capital costs tend to fall with 
accumulated experience. Thus, the learning by doing and 
learning about costs phenomena interact making it difficult 
to predict future industry costs based on expected costs at 
the precommercial stage. Schmalensee argues that since "Such 
information is Gifiacubt to evaluate beforehand" 
(Schmalensee, 1980, 26), a rational subsidy is virtually 
impossible. He concludes that although problems exist there 
is no reason to suspect that such a rational subsidy is 
uniquely warranted in energy projects. 

Aside from questions of cost reductions and estimating 
accuracy arising from. learning is the matter ofsuncertain 
environmental effects. A basic paradox exists in that 
knowledge of these effects from which standards are derived 
may not be forthcoming until a sufficient number of plants 


have been operating for some period of time; but investors 
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may be hesitant to proceed while lacking firm standards on 
which to base their technology: "To the extent that this 
dilemna exists, the construction and operation of first-of-a 
kind facilities may have 'public goods' characteristics that 
would justify some form of government intervention." (Joskow 


and Bimdyck > 319797 enh7 2s 


25-25 S5eCuUrl tysoreasupply 

Based on the petroleum market disruptions of 1973 and 
1979 and continuing tension in the Middle East, considerable 
uncertainty should be attached to future supplies of foreign 
oil. There can be little doubt that where supply disruptions 
occur social costs result. These losses arise from the sharp 
price increase which is associated with, or precipitated by, 
a reduction in foreign supplies. An anmedante consequence is 
that consumers of petroleum suffer a loss of consumers' 
surplus. But losses will extend outside the petroleum market 
itself. A study by the Canadian Energy Research Institute 
(CERI) examined the impacts of a permanent oil price 
increase (Angevine, 1980). The study was based on a 50 
percent increase in the import price in 1980, a 24 percent 
rise in 1981, 12 percent increments in 1982 and 1983 and a 
10 percent rise in 1984. The domestic price was also assumed 
to converge to world levels within 2 years. Angevine 
concludes that: 

The analysis of the effects of a sharp oil price 
increase on aggregate production levels, inflation, 


and employment indicates that they would not be 
insignificant. Higher energy prices would increase 
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unit production costs and selling prices over a wide 
range of commodities. In fact, the overall rate of 

inflation BesePindtcateds to average about 225 

percentage points higher during the first five years 
following the assumed change in domestic oil price 
DObicyA The analysis also demonstrates that 
generally higher prices would weaken aggregate 
demand, slowing the growth rate of the economy by an 
averagemannualgmpercentagemtactonpof 0.é6eeduring wthe 

1980-84 period, and raising the unemployment rate by 

about 1.3 percentage points during the same time. 

(Angevine, 1980, 4) 

Although social costs from a temporary supply shock 
would tend to reverse themselves once prices returned to 
previous levels, historical experience indicates that sudden 
price increases under these circumstances are generally 
maintained after supply has normalized. 

If a Significant cost is associated with any supply 
GQisruption, a casescan be made for the social cost of 
imports being greater than the import price (Kline and 
Weyant, 1982). Powrie and Gainer (1976) evaluate the 
expected social cost for any possible supply shock as the 
total social cost associated with the disruption times the 
Pucbability , Cihawuhae events OCCULDrINg:, An eapproacn such as 
this results in a probability density function with the area 
enclosed by the function representing the annual expected 
cost of a supply shock. This value would be the maximum 
amount a country would be willing to pay, over and above the 
current market price, to ensure a certain supply of oil. 
Adding this value to the import price gives the true social 
COSt OL 1mpocted Ollasthus;,pltsiseatgued, a MOnsapplropriable 


benefit may arise to society to the extent that private 


firms engaged in liquefaction, or any other form of import 
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substitution, reduce the volume of imported petroleum (Lee, 
1982). This benefit would be equal to the true social cost 
of each import barrel displaced minus its market price. 

On the other hand, more recent instability in OPEC 
presents the possibility that import prices may be 
substantially reduced in the future. If capital-intensive 
import substitution takes place, and prices fall below 
production GOSS] BalasignificantyssocialBucostieeouldt be 
pncurnéed ,.GSuch@Pprogects Mwouldtthikelyttreceive® sufficient 
revenue to cover short-run marginal costs but sunk capital 
costs might never be recovered, imposing both a private and 
social loss. If this scenario was highly likely, the import 
"premium' might well be negative. 

Security of supply could be enhanced by a number of 
methods of which two are worth qehewonina One is based on 
the premise that if "the true cost of imports exceeds the 
market price, ... a tariff 1s necessary to cause import 
decisionsmttotuteflecteanthealfuliestost tof thesesimportsnto 
society." (Schmalensee, 1980, 6). Use of a tariff would be 
assumed to allow for development of indigenous sources and 
thus represents a self-sufficiency or import substitution 
option. An alternative means is the establishment of a 
Stratégictstockpiletoteepetroleum?. AaSstudy by Rowen and 
Weyant (1982) assessed implications for GNP losses of 
several sizes of supply disruptions and different strategic 
stockpile levels. Their results indicated that stockpiles 


held in either the U.S. or OECD countries-at-large would 
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produce considerable benefits in the event of major 
disruptions in supply. Stockpiling would allow for continued 
amportatron of oil withethe costs lof a» strategic! ‘reserve 
constituting a form of inSurance premium. 

An attempt has been made to compare the two options, 
uSing Australia as an example (Ulph and Folie, 1981). The 
alternatives compared are a stockpile equal to 20 percent of 
annual imports and a tariff allowing self-sufficiency of 50 
pereentseofseimportsaeethe latter alternative includes 
liquefaction and other non-conventional technologies. The 
social costs of stockpiling are calculated as the purchase 
price and storage Cost Om mtnes enecessaryam 0 tis aemon 
self-sufficiency, the social cost is the welfare loss 
EGesuacang Proome’ themetaniviiy BThisssincludes ithe’ Joss, an 
consumers' surplus from higher eE lees. plus real production 
costs (associated with increasing domestic supply) in excess 
of import costs. Using a 10 percent discount rate it was 
found that the present value cost of the self-sufficiency 
optrondwashdoublesthat sof) stockpiling. «In ~addition; “the 
assumed level of self-sufficiency would provide only limited 
protection against an embargo since some oil would still be 
imported whereas the stockpile would essentially eliminate 
ther threat, at least for some time. Based on at least one 
set of assumptions, then, it would seem import substitution 
may not present the most efficient means of decreasing 
vwulhecabi LityurtomesupplyawdiSruptions. Give chiss were more 


generally true, no subsidy could be justified on security of 
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Ssupplyeagroundsnmithisdeconclusvone ismdenhanced pawhenemethe 
possibility of reduced import prices in the future could 
incur social costs if import substitution is pursued in the 


interim. 


2.5.3 Balance of Payments 

The development obi an import-substituting 
non-conventional energy industry might be expected to 
alleviate several balance of payments problems associated 
with imported oil. Dawson and Slagorsky suggest two 
possibilities: a reduction in any balance of payments 
deficit and a reduction in the "instability in the balance 
of payments that 1S occasioned by sharp upward movements in 
world oil prices" (Dawson and Slagorsky, 1981, 81). They go 
on to dismiss the latter argument based on the premise that 
it has not been uncommon for prices of primary products 
traded internationally to fluctuate widely and therefore 
suchfhimpactsewould@mot be Sunique ato ‘ollesaimports. ([lteits 
instead the effect of a reduction in the oil import bill 
which is most deserving of attention. 

The establishment of a non-conventional energy sector, 
including liquefaction, would have impacts on the balance of 
payments directly through reduced petroleum imports and 
through development of an industry which would likely import 
both capital and materials. In essence, an annual capital 
outflow (to purchase imports) would be replaced by a large 


capital inflow initially (during the construction period) 
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followed by annual debt service and principal payments 
which, on average, could be a significant proportion of the 
displaced import charge. Impacts would occur over time in 
response to initial changes in the trade balance, exchange 
rate, and foreign exchange reserves. 

Powrie (1979) has outlined the effects of an increase 
in natural gas exports on the balance of payments and his 
analysis can be readily adapted to the case of import 
Substitution based on the assumption that reduced oil 
imports would in a sense ‘create' foreign exchange reserves 
which could be used for other purposes. To the extent that 
liquefaction would parallel gas exports in terms of impacts 
on the balance of payments, the following initial effects 
could be expected: increases in the trade balance, exchange 
rate, foreign reserves, money Snel, and national income, 
and reductions in the government deficit and interest rates. 
If a non-conventional energy project is partially foreign 
financed there would also be an increase in foreign 
indebtedness. Repayment of this indebtedness would serve to 
offset the effects described above. In the longer run_ the 
initial impacts would tend to pale. Powrie summarizes the 
ultimate impact of increased gas exports as follows: 

First, because it stimulates employment and income, 
it leads to some increase in demand for imports. 
Second, because it creates additional earnings of 
foreign currency, it leads either to an increase in 
theubtoreign’exchange reserves or to an appreciation 
of the Canadian dollar in foreign exchange markets, 
or to some combination of these. Appreciation of the 
Canadian dollar in turn causes other imports to 


increase and other exports to decrease. An increase 
in the foreign exchange reserves will, unless offset 
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by other measures at the discretion of the central 
bank, cause an increase in the domestic money supply 
and thus lower domestic interest rates, which, in 
turn, may stimulate the economy and increase the 
demand for imports, and also reduce net inflows of 
FOLei gna Capicdl meine Short, "a Given mancrease an 
exports sets in motion a series of events which, one 
way or another, leads to increased imports, reduced 
other exports, and reduced net capital inflows, in 
some combination that leaves the overall balance of 
payments ultimately unimproved. (Powrie, 1979, 19) 


Phiswouldecappearecthenvethat saseeainmeanseof srightingrtsome 
undesirable situation in the balance of payments, 
substitution of domestically produced oil for imports may 
not be the answer. 

Additional support for this can be found in studies on 
import substitution in less developed countries during the 
post-war period. If it could be argued that replacing 
imported petroleum with non-conventional sources means 
developing an industry for which no comparative advantage 
exists, a Situation could result similar to that which arose 
in some post-war LDC's: 

As icineffiicrent industries were brought into 
existence behind tariff walls, they attracted scarce 
factors of production away from previously efficient 
and competitive industries. The exchange rate rose 
as imports were reduced, lowering prices received by 
exporters. Efficient export industries were thus 
forced out of business by the dual taxes of higher 
factor ~COStS sand lower product prices. inva sense, 
import substitution policies had led to the creation 
of inefficient, high-cost industries for the 
manufacture of previously imported goods and the 
destruction of efficient export industries, without 
any net gain in employment and with a decrease in 
the value of output evaluated at world prices. 

(Guubelphag77 mis) 

A situation such as this would obviously have impacts well 


beyond the confines of the balance of payments. 
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A more plausible alternative to import substitution as 
a means of reducing balance of payments problems arising 
from a large oil import bill is suggested by Ulph and Folie 
(1981060tinS thedum@studyhact hpolicyenoptilonscefor Ereducing 
Australia's increasing dependence on foreign oil they 
Gomparedthimperentsubstrtutronanto: eappolitey tof obswrtching ke: 
This latter approach involves spreading the adjustment to 
larger oil imports “throughout the traded-goods sector, 
encouraging the expansion of all export and import-competing 
sectors" (Ulph and Folie, 1981, 12), rather than absorbing 
it in the oil sector alone. This would be achieved through a 
policy of administered devaluation over a lengthy period of 
time. They find, based on certain assumptions as to import 
demand and export supply elasticities, that the required 
devaluation to maintain the Rollaway eboe sarod oftsomhanamong 
imports would average just under 1 percent per year over 25 
years. In fact, they argue that this policy would enhance 
domestic production of oil, although perhaps only modestly, 
as the average domestic price of imports rises. 

It would seem then that import substitution may not 
present a preferred means of reducing balance of payments 
problems associated with at ,large importd brhbleytThus 
observation would be enhanced where foreign funding is 
involved since any reduction in capital outflows previously 
used to purchase imported oil would now be partially offset 
by debt service and principal payments. Thus, little 


justification may be found for a non-appropriable benefit 
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accruing from import substitution. 


2.5.4 Employment and Income Benefits 

Another argument that has been advanced for the 
Substitution of non-conventional energy sources for imports 
is the enhancement of income and employment opportunities 
that would supposedly arise. Such benefits have often been 
the justification for the erection of trade barriers, not 
always with the greatest success once a full accounting of 
all benefits and costs has been made. Before proceeding on 
this point an explanation as to what constitutes these 
benefits would be in order. 

Employment and income benefits are said to arise where 
previously unemployed factors of production are put to work 
either directly or through the So See effects emanating 
from new investment expenditure. Both the construction and 
operation of large energy process plants result in demands 
for goods and services from other sectors. As labor income 
accrues fou; bobhiudirecterfiactorsemandieindirectiyitiinked 
industries, it is in turn spent resulting in further induced 
effects. 

The sum of direct, indirect, and induced employment 
effects, where these resources were previously unemployed, 
wouldarnepresentduatinetessocialthgainthin output. eThissens 
equivalent to saying that unemployed labor has an 
opportunity cost or shadow price of zero. In many cases, 


though, direct, indirect and induced income is generated at 
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the expense of income from production in other sectors, 
bathec® than a@aintaadditioncyto aitrenThisscistumulation of 
production in some industries is offset by a reduction of 
activity in others. When this occurs a new project merely 
draws labor away from existing employment and bids up wages 
in the process; as a result, some marginal firms are no 
longer profitable with the higher wage bill and cease 
production. If this occurred, and no alternative employment 
for the factors involved existed, a secondary cost would 
result .onThasalpointsefuptithe amportant Snotionn that the 
incidence of employment and income benefits will rely 
crucially on the status of resource utilization. Where this 
is high, and this was the case in Alberta through much of 
the past decade, it would be difficult to prove that these 
benefits were not fully negated by secondary costs, 
resulting in a net effect of zero. 

For situations of full or near full employment, general 
equilibrium analysis would be more appropriate than the 
partial equilibrium approach embodied in multiplier 
analysis. In this way, as factors are bid away from existing 
employment, account can be made for the general rise in 
factor prices that can be expected. Thus, a new enterprise, 
such as a large energy project, will be shown to cause an 
increasehin productionscostscrathers thanhecreatee newe) real 
income. 

Despite the apparent lack of spinoff income stemming 


from a project in such a situation, any redistribution of 
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income will be relevant. Where this occurs, and this falls 
in line with a stated policy, a non-efficiency or equity 
benefit may arise. 

ty ctheseventethatrresourceatitilizattonrrsenot full, as 
a result of regional and structural factors, employment and 
income benefits may be more meaningful as efficiency 
benefits. This may be especially so with large energy 
projects where direct and spinoff employment is highly 
visible, especially on a regional scale. Although no data 
exists on coal liquefaction, analysis done on the now 
defunct Alsands project would be instructive. 

A Canadian Energy Research Institute (CERI) study, 
sponsored by the nine members of the Alsands consortium, 
modelled the primary and secondary impacts on income and 
employment expected to stem from the project (Douglas and 
MacMillan, 1982). Making use of the Statistics Canada 
interprovincial input-output table, which adjusts for import 
leakages, impacts arising in each of five regions were 
calculated. The direct labor income component accruing 
nationally from the $7.91 billion construction expenditure 
(constant 1980 dollars) would have amounted to $4.65 
billion. Indirect and induced income from the construction 
phase would have “totalled $5.3 billion. Thus, it could be 
argued that with the existence of an inexhaustible supply of 
unemployed labor resources an additional project benefit of 
justrundere$d0ebiliionbjwolldeshavePeaccruedia Inestermssvot 


Social accounting, $4.65 billion could be debited from the 
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construction cost and $5.3 billion could be added to project 
benefits consisting primarily of oil revenues. These values 
exclude any consideration of employment or income benefits 
arising during the operating phase of the project. 

TheonuregionahardistributionyecEmaincometetsatalso worth 
noting. Although only 26 percent of direct income during 
construction is earned in Ontario and Quebec, 52 percent or 
double this proportion is earned in these provinces as 
indirect or induced income. Clearly a project of this size 
does not just benefit the province in which it is located. 

One of the assumptions implicit in input-output 
analysis is that Substitution between factors does not 
eccun;,igas laggregatbesqnoutput! schanges} syorntingothennwords,; 
factor prices are constant. This implies the existence of 
excesS capacity in industry. Had thé Alsands project gone 
ahead, the current situation in Alberta may well have 
justified such an assumption. 

A number of problems arise with entering employment and 
income effects as efficiency benefits. First, these benefits 
may be valid in the presence of regional or _ structural 
unemployment but not necessarily where a policy-created 
deficiency in aggregate demand exists. Pearse and Nash state 
that: "If a government fails to use fiscal or monetary 
policy to prevent such a deficiency in aggregate demand, it 
has chosen to sacrifice full employment to the pursuit of 
other macro-economic objectives" (Pearse and Nash, 1981, 


109). Employment of currently unemployed labor in the 


avitened snidont 1 tpamyokgme to noise 
pelageiges Re is 
dgiew oels 2: smoonit 30 nebgudisne |S Leino 
pniiwh smocni t5ertb: Yo: dasoteq 2S 
30 -anesieg S2.,c8ds00/ bee, oizasng, ni genes ab” 
ee eeoniverq szadd: nb perioe, at no ian | 
geie aids Yo soetoxg. 6 yizsst): .snoonl pewaubied: aoe 
-beyesol ai +1 dotdw mt aantveia gay tt?: , 1 
tuqguo-tugni: “at -tiotiqm enothymugas, ads ‘ia er) 
yon 2905 2301582 ngewsed nobgug ! tattle cess ab abeibana 


abiow tedzo ni mo. \eapGet sugiud’ 22 speNeRe = 


> 


to 6spnadeixe offs asilqm elt .dnsvens sen 
snc J298f029 Pe edd Ose Jendagbat ape) © aaet 
oved Liew Yam aidsath at .doidabut 2’ porte: : 
no Ftqnuzes as abe be 
one sasmyoliqns ontitszas dd bw $2 is: emsigert 3b 
sdiariad aeahioaaste Let itate yorbest ss’ 
iawwtouxde 10 Isngtger tov eogeesig” ) ar =e 
berssio-yoiiog 6 s1sdw giirsagsosn gon’ dade 
gista des one aiveue ‘ae Ixia. Rrmanb 9208 aipps. AL’ 
qzessaom to fo9eta sau o} Blind oe ‘es nga 
at fohotiss saegasene: nl sconstsiteb 5 fous Ins! ee 
to ine a een 
ctBet seam” bre 98: : 
eas ab socal pen hn wa i 


7 


38 


project in question would then be argued to mitigate some 
other stated policy “objective, “such. as “price stability; 
Suggesting the existence of an opportunity cost or positive 
Shadow price of this labor. 

Secondly, where other investment alternatives exist 
regionally, and similar employment and income benefits could 
be expected to arise from these, the occurence of such 
benefits would be irrelevant to the choice among 
alternatives, which is the essence of benefit-cost analysis. 
A related point, where other alternatives are possible, is 
that the project in question may not be the best means to go 
about stimulating the regional economy. Thus, if the 
intention is to enhance regional employment opportunities, 
and a better route exists, a social cost could actually 
result from pursuing the project in question instead of 
preferred alternatives (Dawson and Slagorsky, 1981). This 
may be especially true of non-conventional energy projects 
Since many of the spinoff effects occur outside the regional 
accounting stance. 

There is an additional aspect of employment and income 
benefits that may warrant consideration, especially with 
regard to the Alberta situation. Where dependence on 
resource revenue is a fact, such as in Alberta, the state of 
the regional economy can be argued to rise and fall with the 
prices that are received for its resources. This suggests a 
relationship between the private profitability of resource 


projects, on the one hand, and the incidence of employment 
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and income benefits as determined by the state of excess 
supply in labor markets, on the other. This can be tested 
for Alberta by comparing the correlation between the landed 
import price of oil,-which reflects activity in’ the. most 
relevyanbyiresourcéekmankerniandeprovincialeeconomid activity; 
as measured by Gross Domestic Product at Market Prices, to 
the same measure correlated with Gross National Product 
instead. The calculated correlation coefficients using 
current dollars. for the 1974-81 period is .960 for Alberta 
and “936¢for Canadae(WorldheOrlfert982° sAbbentaseBureati pof 
Statistics, 1982). This would suggest that Alberta is indeed 
more vulnerable to the vagaries of the world oil market. As 
world prices rise, so does the regional economy, while 
falling prices would seem to result in widespread 
unemployment, aS witnessed throughout 1982 and 1983. 

What is of interest here is that as world prices fall, 
and the profitability of tar sands and liquefaction ventures 
diminishes, the employment and income benefits emanating 
from these projects will acquire greater legitimacy. In 
effect, where inclusion of these benefits is valid, the 
social value of a project may be maintained or even 
increased aS non-appropriable benefits serve to offset 
falling private profitability. Thus, a situation may develop 
where a project becomes increasingly desirable from a social 
perspective but progressively less so from a private point 


of view. 
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The example of Alsands may serve to illustrate this 
point. Assuming a 30 year project life, production of 
140,000 barrels per day, a 310 day annual operating 
scheduler pandlae 7/2 5s8percentidiscounterategnargd0 drop insthe 
import price for the duration of the project would cause a 
$5.13 billion -drop oin» the present value of revenue. With 
dtrett;Gindtrect¢ @andwanduced® labor®wincome totablanger$d0 
biligonmsein’ the @constrtétdonthstageswaloney cif Sevenchalht 
amounted to a legitimate efficiency benefit, this loss would 
be negated. Considering the effects of a more recent $5 per 
barrel price cut by OPEC in early 1983, sufficent unemployed 
resources might well be available provincially and 
nationally to warrant this possibility. 

Although much of the analysis in this section has 
focused on secondary benefits from tar sands projects, the 
case for liquefaction would be much the same. Certain 
problems arise when attempts are made to include secondary 
benefits in the benefit-cost calculus, even in the presence 
of unemployed resources. It would appear that each project 
must be examined on itsS own merits with regard to the 
SGUETentrOstatus® ofSBetonomice actavityipandstother viable 
investment alternatives. It might also be pointed out that 
potential liquefaction sites tend to be closer to existing 
population centers than those for tar sand development. This 
may have implications, from a policy perspective, for the 


distribution of income stemming from such projects. 
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2.5.5 Environmental Costs 

Although the case for non-appropriable benefits from 
import substitution has been vigorously argued, the issue of 
non-appropriable costs has largely been ignored. This issue 
primarily concerns the occurence of external environmental 
costs in the production of synthetic fuels. An «externality 
EStesaid thot oceun@iwhen thete"consumptiord orWiproducsion 
decisions of one agent affect the consumption or production 
opportunities open to another directly, rather than through 
the prices which he faces." (Layard and Walters, 1978, 189). 
Large industrial processes, such as liquefaction or tar 
sands developments, are notorious for imposing a large 
variety of external costs on society, primarily in the form 
of toxic emissions and effluents, land degradation, thermal 
and noise pollution, and loss of aesthetic value. Where 
these costs of production have not been internalized, a 
social cost ensues which is not reflected in private 
profitability. Whereas the existence of non-appropriable 
benefits would suggest that too few of society's resources 
are devoted to a particular economic activity, 
non-appropriable costs would result in just the opposite. 
Thus, the incidence of external environmental costs may, at 
least to some extent, serve to offset any misallocation of 
resources resulting from legitimately occurring 
non-appropriable benefits. 

Where environmental externalities OCcQury economic 


theory suggests "the use of effluent charges, taxes, and the 
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like" (Dorfman, 1977, 32). In the real world this may not 
alwayStsbes possible Sore practicalonwith bthe  pléthora of 
external costs that abound among various energy industries. 
What may be of more importance is the magnitude of 
environmental costS associated with any single energy 
technology relative to that of other technologies. To the 
extent that external costs associated with, say, 
liquefaction resemble those of coal-fired power generation 
Orustarisandstidévetopmentpeitomaymbeadifficultatovargte that 
liquefaction should be singled out for corrective measures. 
Since it is coal liquefaction with which we are primarily 
interested, we turn now to an assessment of the 
environmental costs of this technology relative to other 
uses of coal and non-conventional sources of oil. 

External costs in liquefaction can be divided into 
those arising from coal mine operation and those involving 
plant operation. Environmental costs of coal strip-mining 
have been the subject of much attention and discussions of 
these are plentiful (Cameron, 1980; U.S. Congress, 1982; 
Blakeman, Draper, and Dwyer, 1982). Problem areas chiefly 
concern effects on groundwater of acid mine drainage and 
reclamation of certain soil-types. These would be similar 
for all coal mines regardless of end use. 

Unfortunately, no detailed information is available on 
the extent of environmental Gamage arising from a 
liquefaction plant, owing to the early stage of development. 


This was discussed earlier as a factor in the regulatory 
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uncertainty faced by private firms. Despite these 
limitations, though, some speculation has been made as to 
the environmental implications which could be expected. A 
preliminary assessment by the Los Alamos Scientific 
Laboratory (1980) has outlined the issues that will be 
involved. 

Occupational hazards faced by those employed at a 
liquefaction complex "closely resemble those in coal mining 
plusweoil refiningifore petrochemicals manufactures" (Los 
AlamosmSonzentafic Laboratory, 1980, 10). Chiefly of concern 
are mechanical hazards, such as those associated with any 
industrial complex, and fugitive emissions of acutely and 
chronically toxic substances. This latter category contains 
a number of compounds found at most petrochemical sites such 
as carbon monoxide, metal Rene ee ae reer and acids. It 
also includes a number of chronically toxic and carcinogenic 
compounds which result from the chemical nature of liquefied 
coal and which are more specifically associated with 
liquefaction. 

Liquefaction of coal will also produce emissions of 
nitrogen oxides, sulfur oxides, and carbon dioxide. The Los 
Alamos study compared emissions of these substances 
associated with liquefaction to those associated with the 
direct combustion of coal. Comparisons were made for both 
construction and operation phases of production and for fuel 
end-uses. Their findings, based on emissions per unit of 


end-use energy, can be summarized as follows: 


& .bevosges ad) Bub: bz tiie naiteshiqunt 
sttisnsiog eoiteL a aod a ee ane or 
45 {tiv sads aeyget edd BSnibiaMe eet. “at ana 


a 26 beygoigts egedd xd bss? abtpaac AA “Je 
oninim L900 aff, seORes shdmsesy Yilepois" xedqmon noigonieupil 
eod) '",esarsoetuaem akaotmericoxtea Pi) pnkntgen tic avig 

¥o ybtendd: 0p, DBRT Qpootetodsd ahlitmeds2 eomslA . 7 


g24onen 
gis atin besetsoass eon? 26 Move ,abvenka tesinadzem: ems 
brs issue to’ aBnoteciie ovidipy3 bis \x6dqmo> aiemmen 


aniednon yiopstes ‘aetdel eit ‘egonsiade stxor qiieotnoads 7] 
—_ 


- 
3 


+t ,#btos, ors. diay ios (efynogsgs betom ,eb}xonet ngdisd ap 
ane ‘odatos wl Ab imcwode %o 1waemur & roves 


dove eetie ledimedzorisq feo ds Sauel shaueques te scanned 


of Aspors2TeO 
balisdpit io sseden Lagimers 3d3 mont divest: seein aint 


dziw fhetebooeas yitedisinide) | shbm Sy a! abide ee eae 
i cagdiais | 
: oe 

to enoteeime esuApay ;9ps5- Afiw Geo 39 norepa ypie 
gol et? .sbixotbinodaes Bas ,eehixo miive .e—ae bee 1 
asoneteadue seeie ao. enolegime auch seats ot | 
add Attw ied tts as pense 


fh 


44 


1. Nitrogen oxides would be higher from liquefaction in the 
order of 70 percent to 160 percent, depending on the 
liquefaction process. Emissions would be most 
Significant in the operation and end-use stages. 

2. Sulfur oxides ratings depend on the liquefaction process 
GonsiderédsePyrodysisdeyoulas resultgeinteal ¥siqniticant 
reduction in emissions, primarily as a result of burning 
of theachar iresidue. sForovother processesp o emissions 
would not differ tremendously fromsedinecte@acoal 
combustion. 

3. Carbon dioxide emissions would be increased by 
approximately 20 percent to 80 percent, depending on the 
process. 

It should be pointed out that by-product carbon dioxide may 

find a use in enhanced recovery of conventional oil. 

AS a non-conventional source of oil, liquefaction can 
most readily be compared to oil from the tar sands. A study 
by Dynawest Projects Ltd. (1983), aside from determining 
relative production costs, assessed the relative 
environmental impact of the two technologies. Using a common 
pooject Sizefofgi207000e@xbarredtstgper tday,emthet land warea 
required (inclusive of mine and tailings pond) would be 
somewhat greater for liquefaction at 80 km’, versus 52. km? 
for the tar sand process. Even though land is disturbed by 
eddltiminingssforasacemuchd shontersguperiodinofisttime, the 
opportunity cost of this land would be on average much 


higher. This is due to the high agricultural value of much 
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of the land overlaying coal deposits, whereas land in the 
tar Sandsmuegiongnassvirtually no agriculturalhtpetential. 

Water consumption by both processes is approximately 
75,000 m° per day or 625 liters per barrel. This represents 
only a small fraction of the total amount of water actually 
withdrawn. Since coal deposits are generally located in 
central or southern Alberta, where water is relatively 
scarce, water in this region might be expected to have a 
higher opportunity cost than water in the tar sands area of 
the north; therefore, committing large quantities of water 
to liquefaction must be considered in light of the net 
returns this water could generate elsewhere in the economy. 
PneOnader torassess, “the “use “of “water for ‘cooling’ #ini a 
liquefaction plant - the principle use of water in all 
energy processing plants - against alternative uses, its 
economic value to liquefaction must first be determined. 
This is done by estimating the additional costs of moving 
PLOmEsusSe) OL "ae COOliIngg~ technology  iwhich is relatively 
inexpensive but requires large quantities of water to use of 
a technology which is highly efficient in water use but more 
costly. Dividing these extra costs by the amount of water 
freed for other uses gives the economic value of this water 
tOmlaquetact1on. 

A recent study by Datametrics (1983) detailed the 
additional costs associated with reducing industrial water 
consumption. Although costs were determined for a thermal 


power plant with a much smaller water demand than a 
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liquefaction plant, the study states the following: 
Cooling technologies vary little between the 
different energy processing industries and there 
appeareuto Phe Slittlet ifttany ‘eGonombest of@scate 
relating to cooling costs. (Datametrics, 1983, 45) 

Based on the above, results from the study are adapted here 

to the case of coal liquefaction. 

The cooling technology integrated into the Dynawest 
cost estimate is cooling towers, with a water requirement of 
about 13 percent of the requirement of a once-through 
System. By supplementing the cooling towers with air 
cooling, the coal process could reduce its consumptive water 
demand by about 80 percent to approximately 15,000 m* per 
day or 125 liters per barrel. Doing so, however, would 
increase the present value of production costs by about $.61 
per m* of withdrawal water freed, uSing a 7.5 percent 
discount rate and a 25 year project life. Completely 
eliminating water withdrawals by using a closed system air 
cooling-refrigeration technology would increase present 
value costs by about $.89 per m* of water freed. 

Where net returns to water in alternative uses in a 
river basin are greater than $.61 per m* but less than $.89 
per m*°, cooling towers in a liquefaction complex (or in any 
other energy processing plant) should be supplemented by air 
cooling. If water in alternative uses has an economic value 
greater than $.89 per m*, the closed system approach should 
be implemented. 

Regarding atmospheric emissions, oil sands projects can 


be expected to generate higher amounts of sulfur than 
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liquefaction projects due to the higher sulfur content of 
the bitumen feedstock. These higher sulfur emissions, 
however, would be somewhat offset by higher particulate 
emissions from the liquefaction process. As with water use, 
a comparison of the social costs of the two processes should 
include the potential for externalities arising from tar 
Sands upgrading as a result of increased sulfur emissions. 
The acid rain caused by excessive sulfur releases represents 
a problem for industrialized countries exceeded only, 
perhaps, by the global impact of carbon dioxide 
accumulation. One means of reflecting this concern in 
comparing the two non-conventional technologies is to 
estimate the costs associated with reducing sulfur emissions 
from tar Sands extraction to the level incurred by 
liquefaction and include these with the cost estimate for 
the former. 

Perhaps the greatest environmental difference between 
liquefaction and tar sands extraction is ‘the tailings 
disposal pond associated with the latter. This presents a 
problem unique to the tar sands: 

The huge area, generally equal to the mine itself, 
required to “store tailings due to the unsettled 
sludge problem not only sterilizes future 
recoverable resources but also is not desirable 
ecologically. (Prased, 1982, 1) 
In comparing the two technologies it is necessary to keep 
the following in mind; "At the moment there is no known 


method for the reclamation of the tailings pond that will 


remain at the» conclusion ~of the: oil sand pnojectes 
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(Dynawest ,91983, 86) <:This could represent ‘a significant 
disadvantage to tar sands development over liquefaction 
despite indicated lower private production costs. 

In summary, it appears that liquefaction may pose some 
serious occupational health costs although the effects of 
certain carcinogenic compounds require further study. 
Emissions of nitrogen oxides and carbon dioxide are 
Significantly worsened for liquefaction relative to direct 
combustion. Sulfur emissions are generally the same or 
improved relative to direct combustion of coal; compared to 
oil from tar sands, sulfur emissions from liquefaction are 
Substantially reduced. Particulates will be emitted in 
quantities similar to direct combustion but somewhat greater 
than @ iho, Hoo hnefcomSctamisands.. Iinifterms of the opportunity 
costs associated with land disturbance and water-use, 
liquefaction will fare worse than the tar sands technology, 
although these costs may be internalized rather than accrue 
as externalities. Environmental costs associated with tar 
Sands. extraction. muste« also sinclude these uncertain;y<«cost 
imposed by a tailings pond, a problem which is not present 


with liquefaction. 


2.6 Synthesis 

Having reviewed the theory and evidence on market 
failure in non-conventional energy markets, we are now ina 
position to draw some conclusions. Of primary interest is 


the question of whether market prices and discount rates 
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retlect ttheistull, socialertcostséninvolved Cin boit import 
substitution. If this were so, a socially optimal rate of 
commercialization would take place on its own. Where this is 
not the case, further questions arise as to the 
appropriateness of adjusting benefit and cost values in the 
analysis and of applying corrective measures such as 
subsidies and tariffs. 

A first qualification that might be argued concerns the 
uniqueness of market distortions in energy markets. 
Schmalensee states: 

Energy markets are imperfect in many ways, but so 

are markets for textiles and most other goods and 

services. The many imperfections that society 

chooses to ignore in the case of textiles should 

also be ignored in the case of energy, unless the 

two cases can be qualitatively or quantitatively 

distinguished. (Schmalensee, 1980, 4) 
A second 'test' that a distortion must pass inéorder°@t6 0! be 
considered a legitimate extramarket benefit (or cost) of a 
non-conventional energy investment, is whether an 
alternative means to this investment exists for correction 
of the distortion. Where such an alternative exists and is 
preferred, social benefits perceived to arise from 
non-conventional energy investments may be negligible or may 
actually represent social costs. 

Based on the above, Schmalensee argues that the only 
legitimate market distortions associated with 
non-conventional energy investments are related to 


regulatory and cost uncertainty as well as certain 


"institutional obstacles to innovation" (Schmalensee, 1980, 


at eld? oved¥ nae peas ogi | 
sty ot es  seita” shofiteeup xowssut 
add ni esuise deou na 7ienad! erevaetbs to 


se dove asteecem svitost109 apametcieea 


git enventios boats od) sapim be Gearean 
-eietvem ypteng ml gnotstoiei® sere | 


ox sud ,atew yoem o&, aes bh 
brs ahooe ssito . t2om Bis ‘tk 
ure ieSE ee iy te aes 


ad of  webito of iets ‘Foun: EL eay eRe 
& to (4209 10) +873 Sted logvbmssdx® janis tpwt s bs 
As sgdaadiw’» er _xtosmsnsystt yorens : 
nebioerse> you saeike sokgemnh W442 0 ie 
et. Bne #ietxs ovijaniesie ns dua, esi . 
mei? aabas of Beviesisqg eee aed 
yan vo sidiptipnen ed year aananseovnt ypu BN 
Aedes tptoon 
qino edt tend 2aupys necnpltends?. vevods: 13 
di = Betis ioees tot aroseis saint 
os. beanies gi iaandaimeval  xpsene lp 
sain _ ‘ae as yon 4 
eoRer 


50 


35). By the latter, he refers to any number of barriers to 
commercialization which once overcome by one firm would 
result in spillover benefits to subsequent industry 
entrants. Joskow and Pindyck (1979), in agreement with 
Schmalansee, suggest that domestic pure sng policies 
represent the most significant energy market distortion and 
add 'reflected' risk resulting from uncertain environmental 
effects as well. They dispute arguments which would seek to 
include discount rates and learning effects among 
legitimately occurring distortions. Kline and Weyant (1982) 
maintain that disincentives for reducing dependence on oil 
imports primarily relate to excessive regulation of prices 
and environmental controls. Presumably, these disincentives 
would be passed on to the commercialization of 
import-displacing technologies. Wirick (1982) adds taxation 
and uncertainty over future regulation to the pricing issue 
and argues these distortions are most responsible for 
inadequate investment in non-conventional energy. 

Where market failure does exist, it can be expected to 
affect industry development in two ways. First, where social 
costs and benefits are not adequately reflected in market 
values, the rate of commercialization may not be optimal. 
Second, where market price signals are themselves distorted, 
the optimal choice of inputs may not be made. This latter 
point may be especially relevant to technologies such as 
coal liquefaction where a number of input-mixes are 


possible. Hydrogen requirements for example, can be met via 
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steam reforming of natural gas or by gasification of coal 
and by-product residue. Power needs, as well, can be met 
from a number of different by-product feedstocks or simply 
purchased. | 

It is the intent in the following chapters to examine 
the impacts of two apparent distortions on development of a 
coal liquefaction industry in Alberta. These two potential 
market distortions are pricing and discount rates. Serious 
data limitations restrict the testing for other possible 
distorting effects, though it is understood that such may 
eccurts Tésting® for) “the™ presence sofs dastortingiseffects 
requires both social and private evaluation of liquefaction. 
Significant discrepancies between the results of each 
approach would suggest that market failure is present. 
Before proceeding directly with the analysis the following 
chapter outlines the technical and cost background to coal 


liquefaction. 
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3. Technical Background and Engineering Costs for Coal 


Liquefaction 


3.1 Introduction 

The previous chapter detailed the possibilities for 
market failure in the development of non-conventional energy 
technologies. It was asserted that distorting factors might 
partirculanly 9labfectaroptimaln commerciahizdt tomttois aecoal 
liquefaction industry. Before proceeding with a test of this 
proposition, it is necessary to outline certain background 
aspects of liquefaction. First, we examine the historical 
development and technical status of this synfuel technology. 
Following this, the costing methodology is explained. 
Deriving plant costs requires an approach which would 
include the use of both market input prices and social cost 
values. For coal, particular attention is paid to the 
éffectscof sneconomresgyoi idscalewhone unit costs. Finally, 
estimated engineering costs for liquefaction are presented 


for several alternative design or technology 'mixes'. 


3.2 Historical Development 

Before proceeding with a description of the technology 
involved» -in».coal» liquefaction, ‘ae brief review rof»s ‘its 
historical development would be in order. Much of the 
following dicussion is based on Lee (1982). 

Rarliest attempts to convert coal to liquids date back 


to Friedrick Bergius in Germany in 1913. He was able to 
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produce a petroleum-like liquid by combining a coal-oil 
mixture with hydrogen in the presence of a catalyst at 
elevated temperatures and pressures. Subsequent efforts, 
again in Germany, resulted in the first liquefaction complex 
being built by the I1.G. Farben Company in 1927. Diminished 
profitability in the early 1930's led to government support 
undéretheiNaziopodicy togattain self-sufficiency: han fuels: 
During the 1939-45 war, German production of synfuels peaked 
at 100,000 bbl/day and provided more than half of Germany's 
total fuel needs. 

The post-war United States, noting the success of the 
German undertaking, and facing "the depressed state of the 
coal industry, gloomy predictions of a petroleum shortage in 
the next decade, and the heating up of the Cold War" (Lee, 
1982, 9), became very interested in the development of an 
indigenous synfuels industry based on the Bergius 
liquefaction technology and oil shale. 

Them history pof synfuelsalin sthemuUniteddrStates has 
unfolded in cycles; each time, an intense push has nearly 
resulted in government sponsored commercial operations - 
only to be dethroned by falling oil prices and suddenly 
dissipating support. The most recent such cycle culminated 
in the Carter administration's Synthetic Fuels Corporation 
in 1979, but was preceded by similar events over the period 
1943-54. 

On a different front, research in Germany led to the 


dascoverylunird925 lofaethe Fischer-Tropsch synthesis, an 


4; Se Se 


Lio=feon 8. prtake 


te tsylaian a to penscncipic nevorbyt i 
erietts inekpeecti2  aatueeesg ‘bos Bow . 
xsiqmos rolsoetoupit seztt etd hid tbetiues: 


hetabwtwsa NSH at ymeqmot teeret aes od 


grogque tromaravep of Bel vere sila ott fh -gabtidesttoag a: 


Jaflaot 


eae (lo Ragngue ote paison aolnsd nadine wae sesig atti 7 
edz Yo auste Beessigeb aqy” pntoae ene _enisannetoe semis tod 
ak epetsotia misfovteqe to enctzabberg yoo lg verteubnt fa05 
,9et) “tRW bfo9 silt Yo gu puirasen end bre’ 4be0eR sae t 
ne. 30 JnomqolaveD | » Baa Ms chron ofc ir oa v8RRE 
autows sft  «co'' beatd qYoeubad™’ atautage pre 

\sfede fie bre yeotondese™ <a 


set estore betin® wag ns a taut is, : .) ais 

yivesn sod deog sanedni As ais 268. sae sya ef . t 
os 

~ gnolieredo Lsistemmgs beteunoge — aoaanteree 0k | 7 
eg 


ginebbue ons aeotag ito pnigias ys be oO 18ISR 
betenimive efayo dove Insae3" deom att sega) | aod 
noidasoqiedD aleue sis onsrive a*nolnende ini eae 
a ee ES A ania 


54 


indirect liquefaction technique with a middle gasification 
step. DévelopmentmBef thisciapproachauctiminatedpranesthe 
commercial-scale Sasol liquefaction plants in South Africa. 
Arthoughgethe iofirsteplanty Sasobul burltninud950fehadamajor 
technical difficulties, a subsequent plant appears highly 
successful and will be followed by a third. To some extent, 
synfuel development has been aided by the unique 
international status of South Africa. It would appear that 
where liquefaction has been successful, non-market forces 
have been largely responsible. We turn now to the technical 


aspects of liquefaction. 


3.3 Technical Primer 

The coal molecule is very complex and yehas Syeresto sbe 
fully defined (Lee, 1982). It is composed primarily of 
carbon, hydrogen and oxygen with smaller quantities of 
nitrogen and sulfur often present. Compared to conventional 
petroleum, coal has about half as much hydrogen and 
marginally less carbon. This results in a lower 
hydrogen-carbon (H/C) ratio which generally typifies a less 
desirable hydrocarbon fuel. The object of liquefaction then 
is to increase the H/C ratio which can be done in two ways, 
either remove carbon or add hydrogen. Existing liquefaction 
processes use both approaches and are classified 
accordingly. Direct@)liquefaction nefers to those processes 
which add hydrogen while pyrolysis involves the removal of 


carbon. Indirect liquefaction combines the previous two 
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techniques by both adding hydrogen and taking away carbon. 

There are a number of direct liquefaction processes 
under development and although all involve hydrogen addition 
or hydrogenation, there are various techniques for adding 
the hydrogen. Herring (1979) describes some of these 
techniques: 

Coal can be hydrogenated in a suitable liquid 
Carrier vehicle with or without catalysts. Hydrogen 
can be added directly to the reactor or the donor 
solvent can be externally hydrogenated. 
Alternatively, finely divided coal can be contacted 
directly with hydrogen or coal extracts can be 
hydrotreated to produce liquid hydrocarbons. 

(Herring, 1979, 5) 

Table 3-1 shows various direct liquefaction technologies 
under development in the United States, classified according 
to method of hydrogenation. 

In the case of catalytic hydrogenation, the particular 
catalyst used can determine the product slate. Use of a zinc 
chloride catalyst, for example, results in greater gasoline 
yields (House of Commons, 1981). Poisoning of catalysts can 
be a problem, though, resulting in expensive regeneration or 
replacement of the catalysts. 

Pyrolysis takes an alternative approach to direct 
liquefaction by removing carbon in order to increase the H/C 
ratio. It is a less severe method of coal conversion than 
hydrogenation. Carbon is removed by concentrating it ina 
by-product char which can then be used as a solid boiler 
fuel which is cleaner than the coal from which it is 


refined. This technology is currently used in the production 


of coke for the steel industry with the residue being used 
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Table 3-1 Direct Liquefaction Processes 


SS a ee en Si ee ie 
Non-catalytic 

== Coalcon 

- Flash Hydrogenation 


Indirect-Catalytic 
=x xOn Donor Solvent 


Catalytic 
SeSynienoul 
=—"Clean Fuels From Coal ACFEG) 
= 43H=Coal 


Dissolution 
- Solvent Refined Coal (SRCII) 
- Consol Synthetic Fuel (CSF) 
SESUDETCL@tacall Extract son 


Source: Herring (1979) 


as a petrochemical feedstock. 

Whereas the thermal efficiency (heat content of 
Soutpat/heatwcontent oftinput )sis 65"¥tort70 cpercentiforedirect 
liquefaction, this value for pyrolysis is 85 to 90 percent 
when the by-product char is included. Current processes 
using pyrolysis are the Char-Oil-Energy-Development (COED) 
process, TOSCOAL process, Occidental Flash Pyrolysis 
process, and the Lurgi-Ruhrgas process (Herring, 1979). Some 
interest has been expressed in pursuing pyrolysis as a 
non-conventional fuel option for Alberta by incorporating it 
into power production (Herring, 1979; Berkowitz, 1981). This 
would see useful liquid hydrocarbons extracted from the coal 
first with the remaining char used to fire boilers for 
generation of electricity. Such a project has been proposed 


for the Heatburg area, east of Red Deer, with plans to 
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export surplus power (Kolisnyk, 1982). Government approval 
though does not appear to be forthcoming. 

the “final alternative (fom *convebsion of coal) tovoeapis 
Phemesynthesismeormminditects route. ©indirects Jaquefaction 
inveiwesa sthegmdistilf@ation fofS a Wiquidé @uelfafterBfarst 
gasifying the coal. From the intermediate gaseous product, 
composed of carbon monoxide and hydrogen, liquid fuel is 
produced either by directly synthesizing gasoline or by 
first transforming the gas to methanol and then to gasoline. 
The former procedure is known as the Fisher-Tropsch 
Synthesis and is the technology employed in South Africa at 
present in the Sasol plants. The latter approach has _ been 
developed by Mobil and is known as the M-Gas process. The 
primary drawbacks to indirect liquefaction, despite its 
proven commercial record, is a low efficiency of under 40% 
and high capital costs (Thurlow, 1982). 

An additional technical consideration is the quality of 
syncrudes from coal and the resulting upgrading 
requirements. Liquid fuels derived from coal are not the 
Same as petroleum. They contain more nitrogen and oxygen and 
besseesulLéurfieThis elatterdefactd, could) allowieburhingened 
Synthetic fuels with fewer environmental problems due _ to 
sulfur dioxides. Table 3-2 shows the composition of several 
liquid and solid hydrocarbon fuels. 

As Table 3-2 indicates, the hydrogen content of bitumen 
from tar sands is somewhat higher than that of coal. 


According to a study by Dynawest Ltd. (1983), comparing the 
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Table 3-2 Chemical Composition of Several Hydrocarbon Fuels 
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Cc H O S N OTHER 
wt 29) 

SuDSDLeUum! NOUS Ee Ca lm 1mnU De fo2n0 OF. 5 eS 6.0 
Athabasca bitumen 83.4 10:, 5 O32 4.6 0.4 eS 
Colorado Oi1 shale 84.5 oa ee 16 0.6 2.0 = 
Coal-derived: 

Mid-distillate 88.5 8.9 Z Om 0.6 = 

Naptha 83.4 hig2 saat 0.4 <4 = 
No. 6 Fuel Oil 86.4 ire 0 0.4 20) = 
Naptha 8520 150 = a = = 


Figures may not add due to rounding 

Sources: Herring (1979), Kilborn Alberta Ltd. (1981). 
technology and economics of syncrude production from tar 
sands and coal, the hydrogen needs of liquefaction are ten 
times that of tar sand production. This is due to the fact 
that bitumen is simply closer in structure. to “the ‘desired 
end product. 

In order for coal-derived syncrudes to be useful, it is 
important that they be close substitutes for petroleum-based 
products. Analysis indicates that syncrudes can be refined 
by conventional means, despite their high nitrogen content, 
and can be substituted for petroleum products after minor 
processing (Fischer and Hildebrand, 1981). Studies show that 
they would be best used as feedstocks for high octane 
gasolines ‘andvsfuel \oilv*and*may in factiebe cheaper *to refine 


in some cases due to a lower sulfur content. 
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3.4 Cost Methodology 

This section presents the methodology used in 
determining the costs of undertaking coal liquefaction. The 
coal conversion project examined can be divided into two 
components: liquefaction plant and coal mine. Liquefaction 
plant costs are as yet uncertain since the technology is not 
commercial. The cost estimating procedure must incorporate 
this while at the same time allow assessment of both the 
possible social value of a commercial liquefaction facility 
and the potential for market failure. The methodology 
presented for plant costs attempts to incorporate these 
considerations. Estimation of coal costs is based on 
selection of a site but costs are not contingent upon this 
choice since other sites, with Similar geological features, 
would show similar costs. Instead, the site selected is 
meant to be representative of a lower-cost accessible coal 


field. 


3.4.1 Liquefaction Plant 

bEx poStéidata on aegnumber potferliquetaetione plants? 
which is preferred for economic analysis, does not exist. 
The absence of any such projects in North America at a 
commercial scale necessitates the use of engineering cost 
estimates. It would be reassuring to know that engineering 
cost estimates for non-conventional energy technologies were 
generally accurate. Unfortunately, this has not been the 


case. It has been pointed out that: "The history of cost 
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estimates for synthetic fuels and other energy process 
technologies is not one to inspire corporate and government 
planners with fcontidéiceate (Mefrowteetedalte 198tre 1). 
Allowance for this uncertainty is made in the following 
chapter. 

Data from a study co-sponsored by the provincial and 
federal energy departments and Algas Resources Ltd. was made 
available (Kilborn Alberta Lede; 1981). Thas study 
represents ~thessecond phase in ani on-going! project to bring 
Svyiitneticufue!l fromecoal on-stream) eins Albertaneeshould at 
‘prove viable. The first phase consisted of the appraisal of 
a number of different technologies with the emphasis on 
economic viability (Cangasco Engineering Ltd., 1977). The 
most promising technology, the Saarberg liquefaction process 
from West Germany, was then subjected in the second phase 
study to a more detailed cost estimate including financial 
feasibility, as determined by rate of return analysis, and 
bench-scale liquefaction tests of a representative coal. 

The Algas study examines two possible designs; one 
involves purchase of required power, while the other 
presumes power is generated on-site with a surplus available 
for sale to the provincial grid. Both alternatives produce 
hydrogen requirements via the steam-reforming of natural 
gas. Technical aspects of the process can be described as 
follows: 

In the proposed process, finely ground coal is 
Slurried with ethe¥*heavy™sefraction cof the product 


liquide/The® “slurry is )sencemtomethe Mliqneraetion 
reactor where it is mixed with hydrogen and catalyst 
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to produce light gases, raw hydrocarbon liquids and 
a solid residue. The raw liquid stream is further 
processed to yield naphtha and middle distillate 
fractions and mixed butanes. The naphtha and middle 
distillate fractions are hydrotreated to reduce 
Sulphur, oxygen and nitrogen content and the mixed 
butane stream is desulphurized. (Kilborn Alberta 
Weve, | Weshhe Gy) 

Section 2.6 suggested the existence of additional 
possibilities for making use of the various co-products 
involved in liquefaction. In particular, fuel gas generated 
during the liquefaction process and solid residue remaining 
afterwards may be used in various ways while still producing 
identical output of syncrude. In order to incorporate these 
considerations, costs for two additional sets of design 
parameters were estimated. These allow for eceesen 
production from coal gasification with power generation from 
fuel gas or coal and solid residue. In the latter case, fuel 
gas is assumed to displace natural gas use elsewhere in 
Alberta, freeing it for export. 

Costs for the two additional cases were derived from 
published literature and were adjusted for Location, 
transport, and indirect costs using factors provided in the 
Algas study. Adjustments in the size of process units, where 
necessary, were based on an economies of scale factor of .6. 
This value represents the standard factor used in 
engineering estimates of such facilities. Justification for 
its use in economic analysis can be found in Moore (1969). 
The exception to this was the hydrogen from coal 


gasification complex which made use of a ge: factor 


(Dynawest, 1983). Detailed cost estimates are presented in 
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Appendix 2. 

Adjustment for inflation was necessary for both the 
Algas estimates, which were expressed in 1980 dollars, and 
the two additional cases. This was accomplished using the 
Statistics Canada construction cost index for Chemical and 
Petrochemical Plants (Statistics Canada, 1983a). Final costs 
are expressed in mid-1982 dollars. 

Prices for natural gas and fuel gas are left out of the 
estimates presented in this chapter due to the divergence 
between social and private prices for these commodities. It 
is in part this divergence which leads to the supposition 
that a private firm might not choose the alternative which 
is consistent with the social optimum. Socially relevant 
prices are included as part of the analysis in chapter 4 
while the impact of using private prices is examined in the 
following chapter. 

It 1s assumed for purposes here that there is no 
divergence between the social value of power, reflected in 
Current marginal replacement costs, and the market price, 
often set at average cost. Although this may not be a fair 
assumption for residential and commercial users’ where 
distribution costs dominate, for large industrial users this 
is more realistic since distribution costs are low. Marginal 
generation costs, which would then be most important, are 
forecast to remain relatively constant over the medium term 
(Prottie and McRae, 1980); thus, average costs’ should 


closely parallel marginal values. Power purchases in this 
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study, as a result, are based on current charges to large 
industrial users, inclusive of transmission costs, while 
Sales have transmission netted-out to reflect returns to 
generation. It is understood that at this time no mechanism 
exists for the pricing of electricity sold to the provincial 


grid but produced outside of it. 


34-21 Coal 

Economic studies of coal liquefaction feasibility have 
generally included the cost of coal at a constant assumed 
value (Feick and McConaghy, 1976; Leung and McDonald, 1982; 
Slagouskyp #1982). Thist@approd@chreiisd nottidsefuls® fongthe 
analysis at hand since it makes no account for different 
Votumesotofn Godl@ibeinga availableratadiiferent Yunit costs: 
Allowance for this is important here since the use of 
various production alternatives for hydrogen, with and 
without coal-fired power generation, results in unequal coal 
demands among the four sets of deSign parameters examined. 
If economies of scale were not prevalent in coal mining then 
the assumption of constant unit costs for mines of different 
Sizes would not seem unreasonable. This 1s not the case, 
though: seineGiact/aveconomres ofSscale@have theen shown vosbe 
significant in coal mining (Zimmerman, 1981). However, 
before detailing how this condition was incorporated into 


the cost estimate, we will briefly review the economics of 


strip mining coal. 
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Strip mining of coal involves a number of simultaneous 
operations which require a substantial amount of 
Organization. Overburden is stripped and piled by a large 
dragline, forming a long 35m to 70m wide pit in the process. 
Coal is then extracted from the seam by front-end loaders 
and hauled to processing or storage facilities by huge 100 
tonne coal haulers. As the coal is removed from the seam, 
the pit is refilled with overburden, generally from an 
adjacent pit. The area is then recontoured and the topsoil 
is placed back on the surface. Reclamation occurs as part of 
the on-going mining process. 

Striptmining, \Sunlikeecundernground smining)/léis rehighhy 
Capital-intensive, thus enhancing the notion that coal 
liquefaction 9veralleis a capital-intensive activity. Costs 
of strip mining depend primarily on geological factors with 
the key variable being the strip ratio. This value gives the 
depth or volume of overburden which must be removed for each 
meter or tonne of coal below. The strip ratio for a coal 
field is ‘calculated by dividing total volume of overburden 
by the volume of coal in a seam. Obviously, as the strip 
ratio increases, unit extraction«*costs will as well. 

A second influence on cost comes from mine size. 
Economies of scale dictate that as mine size increases, unit 
costs will fall. This effect is pervasive enough that the 
extent of reserves will often limit mine size before 
economic factors (Zimmerman, 1981). Where it does not, the 


extent of economies of scale will be defined by the maximum 
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Size of dragline. 

Astinale@tactoreeatfecting Setstsguasecthes pattern of 
extraction over time. Economic theory predicts that the 
present™value of “profits i1s*maximized if  the@@lowestS)cost 
resetvest@are extracted first (Veeranna, 1979). Thus, it can 
be expected that units costs will rise over time as low cost 
reserves in a’’coal” field are exhausted. In summary, coal 
unit costs are an increasing function of both the _ strip 
ratio and time and a decreasing function of mine size. 

Campbell lists 8 coal regions in Alberta which could 
supply a 50,000 barrel per day liquefaction plant over 30 
years. (Campbell, 1982). Locations and strippable reserves 
are listed in Table 3-3. The Tofield-Dodds area was selected 
EC rmeEhISOMStUdy #idue “tomethem availability s;oleecoale cost 
information contained in an application to the Alberta 
government by Trans-Alta Utilities for a 2250 MW power 
Station at this site. The application was turned down 
because of uncertain reclamation potential in the face of a 
strong agricultural lobby. Obviously, environmental 
concerns, such as reclamation and water availability, would 
have to be resolved before this site could be committed to 
either power generation or liquefaction. For the purpose of 
this analysis it is not necessary that we assume this occur 
Since *the intention 1s to ° assess the economics of 
liquefaction in a general way rather than with regard to any 


Specific site. 
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Table 3-3 Potential Coal Fields for Liquefaction 
ce el a a ea de re a 


Coal Field Strippable Reserves 
(MM tonnes) 
mer oxaCreek 755 
Zensouth Swaniitibhs 295 
3. Mayerthorpe/Wabamun 155 
4, Wetaskiwin 404 
5. Red Deer 644 
6. Barrhead/Morinville | 525 
7. Tofield-Dodds/Battle River (part) 787 
8. Battle River 314 


Source: Campbell (1982) 


Coal in the Tofield-Dodds region is sub-bituminous C 
pankeawithovad heatsgcontento of iffnS 1oeMM PokU/6th(Montreal 
Engineering, 1978). Derived demand for coal for the two 
cases included in the Algas study was based on an energy 
anpute of 21 Stnhhanedo iA ko~yndithis results in -aynominal coal 
demand of 8.65 MM t/yr. For the two additional cases, 
derived demand for coal was determined from process 
requirements in the Algas study plus the extra volume needed 
for hydrogen production. Case 3 had a nominal demand of 
10.79 MM t/yr. Case 4 also used coal for ‘power generation 
making its requirements slightly greater at 12.52 MM t/yr. 

In order to determine coal costs for different size 


mines, a marginal cost curve would be necessary. 
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Unfortunately, the data required to determine such a curve 
for western Canadian sub-bituminous coal is not readily 
available; therefore, an alternative approach was taken. A 
set of econometric cost functions determined for western 
American coal (Zimmerman, 1981), geologically similar to 
Canadian conditions, were used to adjust feedstock costs for 
an Alberta liquefaction facility, where this was necessary. 
This was done by determining the predicted value of capital 
and Operating costs for each mine size, using these 
equations. Ratios were then calculated using the predicted 
value from the data mine as a denominator and the predicted 
values from the other mine sizes as numerators. Actual data 
mine costs were then multiplied by these ratios to get total 
capital and operating costs for each mine used in _ the 
analysis. The implication of this approach is that economies 
of scale would be expected to be identical for both Alberta 
and western United States locations. This does not seem to 
be an unreasonable assumption. The calculations described 
above are contained in Appendix 1. 

Costs for thes data» ‘mine, obtained from  Trans-Alta 
Utilities (Montreal Engineering, 1978), were updated to 1982 
values using the Statistics Canada machinery and equipment 
index for Mines, Quarries, and Oil Wells (Statistics Canada, 
1983a). The data mine size was 8.27 MM t/yr, Slightly lower 
than demands for Cases 1 and 2. Since cost data was based on 
aomunesfisizersssuffacientdy ecokose Fro CaseSeul andpa2z}tiae 


adjustments for these alternatives were necessary. This, 
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however, was Doucet neresSituation® for eeGasesomes wands: 4. 
Information on mine sizes and economies of scale is 
summarized in Table 3-4, 

Based on the premise that low cost reserves are 
extracted first, replacement capital and operating costs 
could be expected to increase over time as the strip ratio 
increases. According to the mine plan for the Trans-Alta 
power plant, the initial strip ratio would have been 4.13 
m?/t rising to 9.48 m?/t by the twenty-ninth year. Rather 
than increase replacement capital and operating costs 
accordingly, these were averaged over the mine life in order 
POmStmplafyescalculatwonseeThis ecan bee justified, Bin that 
these costs represent only $3 per barrel or about 5 percent 
ofethetcosttosissynerudeasproduceda. As@ aetresulticot Pthis 
assumption, it can be anticipated that final present value 
costs will be slightly overestimated since in reality higher 
cost extraction would be relegated to the future. 

The Algas study makes allowance for the use of 
beneficiated coal. Beneficiation or cleaning refers to the 
process¥bygwhichimemosthe ‘ofstthethireeggrockitpanticles ane 
removed as well as some proportion of the coal material 
containing higher-than-desired amounts of mineral matter." 
(Canada West Foundation, 1980, 53). This requires cost 
estimation of a coal preparation plant in which 
beneficiation»*takes® places “This datasis availablevinsthe 
form of curves showing costs for various capacities 


(Cangasco. Engineering, 1977). Values for the different 


rns tee 
| o>) GEE 20°. be we 
sis esvreest Seow wet goede seimerg ive 
seo. patiateqo Gas texiges” snamesetqes * \\saxk? bevossd 
oiser qhise odd’ es omit tevo easorton ox bedseqne od ibtuds 
exis<erasT’ say te? ce enim e843 oF eaibreD0A a 7" 
ot.e ead eves Biuow otvet’ qbaze Leisint edd ,inelg : 
yartie?.2eey dain _iiaws oc3 wd eg .e ox Bateis wan 
atedo phitarveqo ns Ess iges' Swensosiqst ‘ses tsnt | ‘wid 
ysero mt edtt ‘enim ade eve Bensyevs #59" saeda ebenibr0998 i 
jets ai becdrvedt a6 eo eter not teluoles ‘yibiquis 02 7 
inssieq @ tugdn so tented teq™ St ylno Inseezgey 23209- seat 
sity to divagy7 (es oe -basvhoig | “ebuiomnye to” ‘se00\add-t0 _ 
suiew Inses3q. Lantt jadd bedaGlilins ed ner’ 1b) nettqmioes 
satphd yotlasy ob somite bezanbseszove yisdpile ed “fhiwede03) 
ssuad? 03 OF) Wadegefor od blow no isasisKe 9269 * 
% -«epy ste 3a wanowuills ‘aadem yhuse esola abe oS as 
efit of 279197 edtnpels 39 noitsrpisenss — vier nod ; 
ais eslstiteq wodx) Bava one to Yeon" .01q 
tetisrem Lebdoote to lapbiteqang ‘enoe 26 — 
“spoon Levent Yo adawons betieeb-mart3-seded 
‘geod dertupes wiry Be) deer mobsebauow 
dotiw nt anol ‘Mobzereqsig. ison 668 (2 
ait at re anil wsoniq 29ded 


i 
7 


69 


Tabless-4 Data onyGoal Cost Adjustments 


ee ee 


Coal Increase in Increase in Increase in 
Requirements Mine Size Capital Operating 
(MM t/yr) from Data Costs from Costs from 
Mine Data Mine Data Mine 
Data Mine Sy. ae = - ~ 
Case 1 eh gy (o) 1 4.6% 0 0 
Case 2 Geo 5 4.6% 0 0 
Case 3 Gees VAS) SOLD 4% 162.3% PLO A 
Case 4 TZ 2 Sh A pale eyy Sen 


demand cases were derived from these curves and updated 
uSing the Statistics Canada Chemical and Petrochemical Plant 
cost TndexapiSbatistresigCanada: Onhi983ahiarathese@@costs are 
presented separately from coal mine and liquefaction plant 


figures. 


3.5 Coal Liquefaction Costs: Alternative Design Parameters 
Having outlined the cost methodology utilized, we now 
turn to the estimated costs for the four coal conversion 
alternatives being examined. The appropriate costs for this 
anahysasanare@uealfetitervency costs imfheserréeferetomthe tue 
resource costs to the economy of a particular activity. This 
means that monetary transfers such as income taxes or 


subsidies are not included. This information is provided in 


chaptexnrs. 
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All four alternatives produce an identical output of 
60,815 bbl/d of syncrude and 1268 bb1/d of mixed butanes, 
although outputs of by-products, including power, fuel gas, 
and sulfur, vary. It should be noted that since values for 
Natural gas and fuel gas are excluded from this section, 
Operating costs for Cases 1,2, and 4 do not reflect the 
Sit lr emeyCa mye COStMOLm@DrOCUGINGmIcquidsmiromecoal Material 
balances and real efficiency costs for all four alternatives 
abe. SumnilagyzedmringaTable 93-5. 8 Appendix 2 “contains® ethe 


detailed cost estimates. 


Bs Case is Hydrogen From Natural Gas and Fuel 
Gas/Purchased Power (173.5 MW)/Steam from Solid 
Residue 

This approach to liquefaction is characterized by the 
disposal of most of the solid residue left after the 
liquefaction reaction, with only a small amount being 
retained for steam production. Power, rather than being 
produced on-site, is purchased from the provincial grid. 

Hydrogen is produced via the steam-reforming of 1826 MM 

m°/yr of naturalw@gaswwith by-product fuel sgas used “as fuel 

for the reformer furnace. Table 3-5 presents the material 
balance and costs for Case 1 in the first column. This 
input-munmecam bew charactemizedmas glows In CapltadmcOsts, 
relative to the other alternatives, since power station 
costs are zero while initial hydrogen plant and coal mine 


€osts are comparatively low.) Operating scOSstS, On stne other 
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Table 3-5 Material =Balances And Real Hfficiency Costs For 
Four Sets Of Coal Liquefaction Design Parameters 


CASED 1) sCASE 2 SCASE se (GAGE: 4 
MATERIAL BALANCE 
IN: Coal (MM t/yr) 8.65 BS650 8 100790 eb 12852 
Natural Gas (MM m?/yr) 1826 1826 = = 
Power (MW) 173.50 - - - 
Labor (man-yrs/yr) 880 960 1107 1126 
OUT: Syncrude (bbd/d) 60 S15. 607.6 15am 60s Lom 60 oo 
Mixed butanes (bbl/d) 1268 1268 1268 1268 
Fuel gas (MM m?*/yr) = 3 + 1756 
Carbon dioxide (MM m?/yr)1478 1478 nvaed neaee 
Power (Mw) = 350 300 - 
SumEuna(tyd) 9.8 9.8 148 153 
Ammonia (t/d) 118 118 118 118 
Soda ash (t/d) ee RIN ATS, 21286 21.8 
CAPITAL COST ($ MM 1982) 
Coal mine 362 362 421 458 
Coal preparation plant 100 100 114 125 
Liquefaction plant 3720 4200 5903 6040 
TOTAL? 4180 4660 6440 6620 
O & M COST ($ MM 1982) 
Coal mine 42.68 42.68 See Sono 5 
Coal preparation plant ea ks Onto U2 7.68 
Liquefaction plant: 
Fixed: Contract maintenance 25.00 2£00 2Ze80 2708 
Insurance/Taxes 62.00 TONS 98.40 100.68 
Variable: Labor 26.84 2Se26 3 ae 34535 
Maintenance einco 35200 49.20 50.34 
Power 342500 (55.80) 47.90) = 
Sulfur COnd Soon (OmiS) D229) 4 K2tar0 
Ammonia (14.08) (14.08) (14.08) (14.08) 
Soda ash COs5h)ea COMSA et ( 0854) th0R519 
TOTAL 190049 Ria 50a 176386e8235.04 
‘ not available 


2 Totals are rounded off 
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hand, are the highest of the four alternatives due to the 
cost of natural gas, not included here, and the purchase of 
electricity. Coal requirements amount to 8.65 MM t/yr, which 


requires the smallest mine of the four alternatives. 


3.5.2 Case 2: Hydrogen from Natural Gas and Fuel Gas/Power 
and Steam from Solid Residue (600 MW) 

This represents the favored alternative in the Algas 
Study. Rather than disposing of surplus solid residue, the 
entire amount is burned in a co-generation power-steam plant 
which produces 600 MW of power and supplies all process 
steam requirements. On-site power needs are only 250 MW 
resulting in a net exportable surplus of 350 MW which is 
sold to the provincial grid. Hydrogen production is 
identical to Case 1 with fuel gas, again, utilized as the 
reformer fuel. Coal requirements, as well, are unchanged at 
8.65 MM t/yr. 

Column 2 in Table 3-5 lists the material balance and 
Gostis tafcranCasereo2Reslt can “bemeobserved tthat capital, 
maintenance, and fixed operating charges are slightly higher 
thanmoin Case 1 due to the’ *inclusion®‘of; *theo\ co-generation 
plant. To the variable operating cost must be added natural 
gas costs. Total operating costs are somewhat lower than for 


Case 1 which serves to offset the higher capital cost. 
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3.5.3 Case 3: Hydrogen from Solid Residue and Coal/Power and 
Steam from Fuel Gas (600 Mw) 

Case 3 represents a substantial departure from the two 
previous alternatives. Whereas previously hydrogen was 
produced from the steam reforming of natural gas, it is now 
produced*viarthesgasification of solid» residue and coal. 
Based on data extraneous to the Algas study, costs were 
determined for gasification and integrated into the overall 
capital cost estimate (see Appendix 2). The material balance 
waS maintained wherever possible resulting in necessary 
adjustments to other process areas; the coal mine, 
preparation plant, ash handling and disposal facilities, 
coal handling, and sulfur plant were all increased to 
accommodate coal requirements of 10.79 MM Cygne 

Sulfur processing would increase significantly, partly 
from increased coal demand, but most importantly as a result 
of the redirection of the sulfur-containing solid residue 
from power generation to hydrogen production. The 
liquefaction process, by removingrealuportacnr of£lithe 
hydrocarbon content of the coal, causes the sulfur 
proportion of solid residue to increase by about three times 
relative to the parent coal. In Case 2, sulfur was oxidized 
in power generation and emitted directly as sulfur dioxide 
gas. In Cases 3 and 4, solid residue is gasified instead and 
much of the sulfur is retained in fuel gas which is then 


processed for sulfur removal in the sulfur plant. 


ows edd mor? 12 emudsgab daldmaindie»-earseosgan & oo bata 
sev napoxbyd yleuolveny 2aeassih prensa s6 05 ta 
won ai gi . ep fewer to pnimiotes mset2 ed? most beaubo7g 
ison soe subiees Bblom « “Ao noitsoi2 tang: a2 siv besvboxg 
atew ateoo ,ybuse sepa oda ot aupeasiixs 6266 0: ae 
fhersvo odd otnt Bersppesat “Bns netzsvitiesp 703 sentacaseek 
snnsind Debtersn sft 00S aébasqan 9) stemites Javo fedigso 
yiseeoren ni paietuse». efdrapgeq yovetsrw bentsitaisn Baw : 
yenim Lsoo ant (e6ets @zene%14 san30 ot eanemtevtba : 
-eotsibios? Tneogett: Bae pattbaad< dee \insiq noitsssqemg 
of beesesont tle sasm aneig  witve bos ent fined cnet 7 
sty WH BT Ob BO ernomexivupes Lago ossbommez38 7 7 
yidisq  vlttaott dele sesdzoe biyow gaieassorg © ror ete 
slugs: s 26 yitnsdxoqm: deem tud ,boamed Ls05 sania 
suffast Bilos pnintgtriog 73 sue ets io noissertber iedds) 20, ae 
ont snoitoubo 2 neposbed Od. norseu9snse. semogs. fort. 
ai 3 nobtteq: 5 gockvomes iid \@2a007ge.  nodvoateupit 
wiive a3. e988 | sha09, sit, 20 - amadnoe esr 
mans eongu en ae ene Seiten: Siew: © Woks: 


74 


The gasification of solid residue and coal for hydrogen 
frees the fuel gas previously used as reformer fuel for 
othertuses. €ineGasehe itmisrasstmed thatethisiblistiusedf for 
power generation pniavaSscombinededycle powerigplant fren 
combined-cycle plant has three components: a gas turbine, a 
heat recovery steam generator, anda steam turbine. Fuel 
gas, with about 65 percent of the heat content of natural 
gas, is combusted in the gas turbine producing heat and 
electricity. Thesheat ‘is «channelled to a heat recovery 
boiler in which steam is generated and used to drive a steam 
turbine to produce additional electricity. Process steam 
requirements are met from steam produced in the heat 
recovery boiler. The fuel gas available is sufficient to 
generate 600 MW with 300 MW used on-site and the remainder 
available Eon sale to the provincial ope riel The 
combined-cycle system is about 42 percent efficient in 
converting the heat content of fuel to electricity, versus 
33 percent in conventional generating systems. 

Costs for a combined-cycle plant are just under half of 
those for a conventional coal-fired steam plant with an 
equivalent output of electricity. Costs and material balance 
information are contained in column 3 of Table’ 3-5. Higher 
Capital costs than those for the previous two alternatives 
primarily reflect a larger coal mine and the larger outlay 
for a coal-gasifier hydrogen unit, which is approximately 


three times the cost of a steam-reformer. 
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aS 4 Case 4: Hydrogen from Solid Residue and Coal/Power and 
Steam from Solid Residue (300 MW)/Fuel Gas Sold 

Case 4 can be interpreted as a combination of the 
previous two alternatives. Hydrogen is provided from 
gasified coal and residue while power and steam are provided 
fuommpartcoageneratronigplant<eiSincealadditionalehcoad is 
required to supplement Case 3 requirements, the mine is 
expanded to 12.52 MM t/yr. Additional adjustments are also 
made to the ash disposal system, coal preparation and 
handling, and the sulfur plant. Power plant costs are scaled 
down from Algas study costs to half the size in order to 
just meet plant requirements. With power, steam, and 
hydrogen needs met by coal and solid residue, fuel gas 
produced is freed to be sold. It must be recalled that this 
fuel gas has only 65 percent of the heat content of natural 
gas and would therefore be classified as a medium Btu gas. 
Thus, the 1756 MM m*/yr available in Case 4 would amount to 
1141 MM m?/yr of natural gas equivalent. 

Costs and material balance information for Case 4 are 
Shown agnacolumn 4@0GmTablen3-5 a€apital costsfeareaistrghely 
higher for this alternative, compared to the previous case, 
Since initial outlays for a 300 MW coal-fired power plant 


exceed those for a 600 MW combined-cycle plant. 
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4, Economic Analysis of Coal Liquefaction 


4.1 Introduction 

The aim of this chapter is twofold: to determine the 
socialeudesirability SofScoali liqhefaction*as%an, alternatave 
to imports and to provide a social evaluation which can be 
compared to the market or private evaluation outlined in the 
next chapter. This latter purpose is aimed at checking for 
the presence of market failure. 

Before proceeding with the benefit-cost calculations, a 
number of considerations are discussed, only some of which 
can be incorporated into the analysis. Following this, a net 
present value algorithm is developed and adjusted to account 
for uncertainty over future world oil prices. Results of the 


empirical analysis are then provided and discussed. 


4.2 Considerations 

Assessing the social value of coal liquefaction 
alternatives requires consideration of a number of factors. 
For example, Significant amounts of uncertainty are 
associated with future values for several variables and 
parameters involved in the analysis. This is particularly 
f#ruey Ofefcapital@scostsSetand o11 import prices. Social 
assessment of projects also involves determining the value 
of various inputs and outputs in their next-best alternative 
use. Values calculated in this way may not coincide with 


accounting prices. This opportunity cost approach to pricing 
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iS particularly relevant in the case of coal liquefaction 
due to the necessity of committing large reserves of natural 
gas for hydrogen production which would prevent their use in 
generating social benefits elsewhere. Production of 
by-products, such as carbon dioxide and fuel gas, may have a 
social value or cost and this also should be incorporated 


into the analysis. 


4.2.1 Capital Costs and Uncertainty 

AS discussed previously under section 2.5.1, capital 
cost estimates for coal liquefaction, being based on 
preliminary engineering estimates, are subject to 
substantial uncertainty. Merrow et al (1981) have confirmed 
tremendous overruns in actual expenditures fOr 
first-of-a-kind energy process plants. Analysis of nuclear 
power development has also indicated a similar problem in 
Enismincustuy ) (Zammerman, 9a1982)e8 Thus}: Wt simay (ibe that 
estimates for capital outlays developed in chapter 3 will 
seriously understate final costs. In order to accommodate 
this possibility, capital costs were incorporated at both 
their base case values, as outlined in the previous chapter, 
and at a much higher value based on the Rand cost growth 
study (Merrow et al., 1981). 

In the Rand study, a multiple regression model was used 
for both descriptive and predictive purposes in assessing 


Gose growth, “Based ons the sinesultsethe authorsestacesthe 
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Dieapplied with®appropriatericare,;*® the» ‘statistical 
models developed here can provide reasonable, early 
predictions ofeplant *“costoeand ‘performances:for a 
Spectrum of kinds of advanced process plants, 
including energy process plants. (Merrow et al., 
TI6t, 3) 

In@ordéernetoimakeguserofobheirwimodela variabletivalues 
were determined in consultation with engineering staff at 
Algas resources. Based on the information they provided and 
eneweRand cost) growrherequation, it ewas found that capital 
costs for the project in question could be expected to 
increase by 82 percent over estimates provided in the 
preliminary study. This value would seem to agree with 
Sample means used in the Rand analysis where cost overruns 
varied from 61 percent to 104 percent for projects at a 


Similar level of development. Data used in this calculation 


1s provided in Appendix 3. 


4.2.2 Opportunity Cost of Capital 

Also of concern, with regard to capital costs, is the 
appropriate value to be assigned to the use of funds over 
thes project, life. Since: “liquefaction would be “a private 
domestically funded endeavor, or at least it is assumed to 
be in this study, funds could be expected to originate in 
capital markets where competing uses would imply a social 
Spporsunity cost equaleeto, the “going erate) ote return son 
projects of similar dimensions. It was mentioned in chapter 
2 that a number of factors might lead to a discrepancy 
between this social opportunity cost of capital and the 


social time preference rate. Where this is the case, a 
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dilemma exists as to the appropriate means of allowing for 
this divergence. Feldstein suggests the following: 
Torrsebest® .eettoraltowlforithethsoevalowvopportuna ty 
cost of funds directly by placing a "shadow price" 
on theofundssusedvantthetproject and to make all 
intertemporal comparisons with a social time 
peeterencesrate orefunctions: (Feldstein, 1972, 247) 
The question arises as to how to determine this ‘shadow 
price’. 

Oneguatternative Ato -eateutating a social opportunity 
cost of capital or shadow price focuses on how returns’ from 
a public or private project are split between consumption 
and reinvestment. With respect to public expenditure, Mishan 
outlines this method: 

Owing to the fact that some portion of K (capital) 
at least would be used for private investment, and 
earning therefore a return xX, the present social 
worth of Kawhich is regarded as the _ social 
opportunity cost of a public investment requiring a 
Single outlay K- will in general exceed K and may be 
written as ak, where*a>1.°(Mishan, 1976; 220) 
‘This '‘'a' may be called the shadow price of capital. Sugden 
and Williams (1978) calculate a by first defining i as _ the 
return on marginal investment projects - in effect, the 
private and social opportunity cost of capital discount 
rate. This return, an amount i generated each year for each 
dollar invested, can be divided into that portion which is 
consumed, ci, anda remainder which is reinvested, (l-c)i. 
The amount reinvested is again subject to the same division 
Since it will also eventually produce a return. Thus, (1l-c)i 


must be multiplied by the shadow price a. Any project 


producing a return of i will generate annual social benefits 


ant. 


as or cc au: eae i) ‘STEe 

woberta’ eis soimfedep if mat of ad cant leat oat 
J, a ' a) | _ 

| VES Oe Tact: mrad a Se 

ytinusiegge Istoge 's pntisebuotes qu en ae enO 
va 112 


sioTa anzude1 vod no aeevnot i tigle * | fetiges to ers ; 
a0 as $o0%. ; 
nofsg@nuenos asewsed 2tlga 276 apptont atoviag 16 otiduq 5 - 
RS :aWhg ie 
nedeimM ,awo! Lategns siiduq o3 jagqaba- Liga ’ shenteewalet one rs 
e : jie® - bil 7 
rborfzem aida eentltuo ¢~ 
ogee 

(Lesiges)- A qo ¥4108 50OR doit 1062 offs oF iwO ; 

brig , wremaeevit SsdeCiag 362 Ry sivow 2 ae 4 
ferpoe taseeng. Bad per ms s202e70d7 priniss= -— | 7 
fstoov. ‘ste pore t apt pip Pattee ae =}, 

6 pAriniupes ing had eae a — 

ad. yan bap F Fale ta teresa ate 3 “F tolaua atgnie 


(OSS ,9ver ,oedeim) . ics staiw .As = 

mv 245 - 
yshpue ,basiqes. lo set wahpie gat hofinoe ed yom a" a if 
eft as i prinkieb $e} 23/' jd e! weely slap (ever) dmatilew baa 


ee © _ 
eft ,7oeits nt - esgostotg shemseevnt feniguem no. pect 

ini eta my: 
gouoceth Lesiaso to. at atu teclgne {elsoa hare ; 


fal ae 


does 19] 188% dpe fedezanse : dnueRms ne vnawaea 2 
et xoidw nakdreq, uty eant bealvib ed aso bert . 
.t(a-2) .bevasvnies at yotaw yebrianes s baa oe 
noteivib, emex 349 02 sontdue aispe et boveovatos, 
Kon) sane? | aud? .omusea é souborg Niteusneve 6 osie om 
goetorq yor 8 solay website a9 vd gt 
zy iSeasd inisce tnuaes sisisnse, Iliw § to m3 


80 


equal to cita(l-c)i. Assuming these benefits are generated 
in perpetuity the present value, discounted at the social 
time preference rate r, would give the shadow price (a) of a 


dollar of original investment as: 


Gra lacya 
i@ 
fejet 
which reduces to: a = ——— 
gee Ol Rerre)) )¥ 
The shadow value of a capital outlay of K would then be: 
Ca 
ak = ——— kK 
orth cow 
In this formulation we have both the private discount rate 
or market rate of interest (i) as well as the social rate of 
time preference (r). If the two are equal then a reduces to 
a value of one and there is no shadow price associated with 
the use of funds. 

Unfortunately, use of this approach represents a 
formidable empirical undertaking. A more practical approach 
to the problem of shadow pricing has been pointed out by 
Howe (1971). He argues that where the appropriate 
opportunity cost of capital and time preference rate 
diverge, an adjustment factor is required. Where the use of 
Capital funds takes place in perpetuity, this factor is 
Simply: sthe Oppontunutyascoste rate “divided iby thes stime 
preference rate. This is equivalent to the simplifying 


assumption that all returns are consumed or that c=l. This 
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Factoniovs Ithen@fusedipetourmultiplyt capitalipicests anbefone 

entering them in the net benefit calculation where the time 

preference rate is used to discount all other benefits and 

costs. A project with a finite life, ‘the relevant situation 

for liquefaction, would be adjusted by the following factor: 
tem im 


(ei 7 tah) 1-(——) aaliolret 


lable ica 


where i is the opportunity cost rate, r is the time 
preference rate, and m is the project life. This approach is 
analogous to amortizing capital costs at the rate i and then 
discounting to the present all annual payments with the rate 
r. Viewing it this way, Howe's approach would appear as 


follows: 


m i 
= |—_——- + i val = nyt 
(ie) ead 


Here the numerator amounts to a sinking fund charge 
(Eckstein, 1965). Both formulations produce an identical 
value. 

Whereas simply using a lower discount rate will result 
in a more favorable project status, Howe states that: "It is 
not at all clear that a project will present a better 
benefit-cost ratio by using a low discount factor. .if 
capital costs are adjusted upward." (Howe, 1971, 68). The 


technique suggested by Howe is used in the present analysis 
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to -allowemfions an@mopportinitynecostt oftucapitalrtandrithe 
discounting of all benefits and costs with a social time 


preference rate. 


4.2.3 Appropriate Social Prices 

Economic theory advises that in the social assessment 
ofveprojects? ibothalinputsi anduoutputseshould be priced at 
their value in the best alternative use. The opportunity 
cost approach to pricing suggests that where regulated 
prices exist social values may differ from market prices. In 
the case of liquefaction, two commodities face regulated 
prices, syncrude and natural gas (including fuel gas). It 
remains then to determine what appropriate social values for 
these commodities would be, given a liquefaction plant 
commencing production in the early 1990's. 

Since we wish to determine the social profitability of 
producing oil by means of coal liquefaction, the measure of 
the benefits of this output is taken to be the value of 
imports displaced. This accords with the notion of 
Adternativeiscostse Cicchetti Shase&bused GthisMiapproacht an 
assessing the net benefits of Alaskan oil, also expected to 
displacekimporcts €Gicchettigid9720n iHeisjustafisesy thisriby 
pomntingndoubipthatali ftmebothhialternatavesbeservesthe same 
market and the quality of crudes is similar, then consumers 
would be indifferent to the two alternative sources of 


suppl yshe(Cicchepbtiyens72,Ti7). 
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It remains then to determine what actual import prices 
wilteibe sinppd99igutate!whichbotime ai liquefactiont plant ?is 
assumed to come on stream. Unfortunately, events in the 
world oil market over the last decade have served to prevent 
meaningful predictions of future import prices. Despite 
this, it is useful to compare the prospects for liquefaction 
given various initial social values for output. In order to 
do this, the 1982 import price was calculated, adjusted for 
quality differences with the coal-based syncrude, and 
netted-backcatos Alberta. “Thisi%gave a plant-gate valuerfor 
empones displaced; If oily prices remain’ ‘constant “in real 
terms over the 1982-91 period then this would represent the 
initial year value of output in 1991, expressed in 1982 
dollars. So as to include the possibilities that oil prices 
may rise or fall in real terms, alternative scenarios were 
also assessed. 

Natural gas prices can be expected to closely follow 
the movements of oil prices, due to the nature of natural 
gas as a substitute for oil in the space-heating market. 
Despite this, the problem arises in determining what an 
appropriate) initial@price should =be Gtor the) pnaruralgegas 
feedstock. For social evaluation it is necessary to price 
ipuLSBand) OULpUtTSHat —sthei Lemhighest) fandgebes Ua uses eWa ch 
Matural gas, there vis reason: to believe’ that aneio30 this 
will be exports to the U.S., even though this would not he 
the eh Ghee ieiscceiten sels Wshsia” Uobigelenae ele iket | ie le 


$4,.94(U.S.)/MCF, was likely over-valued when it is 
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considered that only about half of licensed volumes were 
actually shipped south of the border (Alberta Report, 1983). 
Recent reductions in the export price in mid-July 1983 have 
moved somewhat towards enhancing prospects for exports yet 
the short-term outlook remains bleak given recent additions 
to U.S. reserves and slumping demand (Alberta Report, 1983). 
Despitesthese mitigating factors; long-term)«prospects for 
expOrese@vappear egoodusandenrecentroapndj]ecti onsefonaugSatgas 
supply include Canada as a major source over the next 
several decades (World Oil, 1983). A recent EUPC forecast 
Staces: 
Theeisuppliyenhot iinatural ‘gasiwn theacontinentabeuyse 
(even after assuming that higher prices would 
Stimulate increased drilling), will probably decline 
at a faster rate over the next 25 years than the 
very slow decline in demand. This imbalance is 
expected ‘to create a supply ‘shortage by the 
mid-1980's, creating significent benefits in turn 
for Alberta. For example, the volume of Alberta gas 
exports should increase dramatically by 1990. (EUPC, 

1963, 3-4) 

This will be further enhanced if plans for coal gasification 
iene U.S, do not=materialize, 

To accommodate long-run demand for Canadian gas, the 
price is assumed to equal the U.S. domestic price in 1982, 
which is somewhat lower than the current Canadian export 
price. At this level, demand would be presumed to be 
infinitely elastic and Canadian gas would then represent a 
perfect substitute for domestic U.S. gas. Thus, initial 
valuation of natural gas feedstock used for liquefaction in 


1991 is taken as this constant 1982 value with alternatives 


included to parallel possible oil price changes. 
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4.2.4 Opportunity Cost of Coal 

Costs of feedstock coal were outlined in chapter 3. 
Implicit in those calculations are real efficiency costs for 
production only. If coal had no other uses, then these would 
bewathemeappropriatesssociaby values ofantthe tuse bof seoa lin 
brquefactions Examination ofiecoal useeinesAbberta lMéadseato 
the conclusion that this may or may not be the case. 

Provincial coal-use centers around the power generation 
industry, which is predominantly coal-fired. Total 
eonsuliptroneofydoal inul98 beforethisleuserewas ehth44 ofMM Pet 
(ERCB, 1982a). Derived demand for coal hinges on demand for 
electricity which in turn relies heavily on _ provincial 
economic growth. 

Current expections for generation Site development 
would see construction of several coal-fired plants over 
this decade. This would include 2 375 MW units at each of 
Keephills, Sheerness, and Genessee (EUPC, 1981). These 
projects are intended to replace the Camrose-Ryley project 
which was shelved in the mid-1970's. Capacity of these 
plants totals 2250 MW and roughly corresponds to demand 
increases over the 1982-91 period (EUPC, 1983). Subsequent 
to these planned additions, development of further capacity 
at all three sites will take place. Indications are that 
sufficient coal reserves exist at Keephills and Genesee _ for 
an additional 4 375 MW units at each site while Sheerness 
should support at least one additional unit (Fernet, pers. 


comm.) Forecast supply should also include approximately 
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1000 MW of peaking capacity from the Slave River project. 
Total planned supply additions from 1983 onwards sum to 6625 
MW. Based on the current EUPC forecast, these additions 
Should satisify peak demands until approximately 2007. 
Development of Camrose-Ryley or any other sites before this 
period is highly unlikely due to the economies of scale 
associated with expansion on existing sites. 

Development after currently planned additions is 
difficult to speculate on. A likely site, in competition 
with Camrose-Ryley, would be the Ardley area, east of Red 
Deer, which could support up to 2000 MW (Kolisnyk, 1982). An 
ERCB document, outlining options to Camrose-Riley, showed 
slightly lower generation costs for this site over 
Camrose-Ryley (ERCB, 1976). 

Committed coal reserves to generation expansion over 
the 1983-2007 period can be calculated. Assuming 35 years 
per plant at a 70 percent capacity factor (ERCB, 1982a), a 
Goal heattrate ofthd0,550. kJ/kW-hr, and an average heat 
contenseect 617,000heMd /tieof@acoal,2ttheas625 Miloteplanned 
capacity would require about 750 MM t. The ERCB lists 
Strippable reserves at the end of 1981 totalling 6990 MM t 
(ERCB, 1982b). Thus, coal committments to power sites 
commissioned between 1983 and 2007 would represent just 
underaddunpercéentanofa the ptotale dilfsouldtimazee potentirad, 
including underground reserves, is taken as the total, the 
resulting portion committed is less than one-tenth of one 


percent. These figures would seem to indicate that power 
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generation should not restrict the availability of coal for 
other uses such as liquefaction. 

The relevance of this discussion to coal opportunity 
costs is that although sufficient total’ reserves exist, the 
committment of reserves at a site such as Camrose-Ryley to 
coal conversion means that these are not available for power 
generation. To tthe extent&thatdcosts fortalternative sites 
will be higher, and the present value cost of the power 
system is increased, an opportunity cost is associated with 
the foregone site. The difference in present value costs, 
where one exists, would be a legitimate rent attributable to 
the coal in place at the selected liquefaction site and 
represents a value which liquefaction net benefits must at 
tiesetGequal@iniordergtoUbe.considéredpaiebéstaluseugotiarhat 
coal. Presumably where no difference in costs was the case, 
no opportunity cost for power generation would exist. This 
argument applies to any site where coal reserves are 
sufficient for either use. 

Based on current forecasts it seems unlikely that 
committment of any potential power site to liquefaction 
would create opportunity costs before 2005-2010. Any such 
increase in system costs after this date would need to _ be 
discounted back to a liquefaction start-up date. If this 
were around 1990 and a 7.5 percent discount rate is_ used, 
the present value of any increased costs would be reduced by 


two-thirds to three-quarters. 
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An alternative opportunity cost of coal may also be 
relevant. This is the possible exportation of power to the 
U.S.. A recent exhaustive study outlined export potential 
for Canada and concluded that Alberta power may be 
cost-competitive in the California-Nevada market by 1990 
(Battles et al., 1983). Although nuclear power costs in that 
region will likely prohibit development of dedicated 
capacity, where plants are constructed solely to provide 
power to the U.S., dedicated energy sales which would 
displace oil-fired capacity might be feasible. Dedicated 
energy exports would depend on the cost of delivered Alberta 
power in the California-Nevada area relative to marginal 
operation costs of oil-fired plants. This latter value will 
depend essentially on U.S. fuel oil prices. Although Battle 
et al. make no mention of competition for oil-fired power 
markets from western U.S. coal regions, the existence of 
suchS competition iemight’ esignificantlyecrmhrbit Alberta's 
opportunities for exports of power. 

In terms of coal opportunity costs, electricity exports 
are Similar to power generation for domestic needs. Although 
total rents accruing to exports might be large if oil prices 
rise substantially, the rent accruing to generation from any 
one site will consist of its cost advantage over generation 
at anv*alternate,°as long “as such exists. Thus; this portion 
of rent would represent an opportunity cost of not using a 
site for export and would be identical to the opportunity 


cost of displacing power generated for domestic use. The 
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only difference would concern timing. Presumably, exports of 
electricity could be induced once U.S. fuel oil prices rose 
sufficiently, but issues of rent distribution between U.S. 
and Canadian participants, reliability, and other legal 
matters would have to be resolved before exports were 
possible. 

Due to the uncertain nature of future values of coal 
deposits, their opportunity cost is not explicitly accounted 
for in the analysis. This approach is enhanced by the 
existence of potential benefits which may arise from use of 
carbon dioxide, produced as a by-product of liquefaction, 
for enhanced oil recovery. This possibility may serve to 
Partially: ouupfitidy offsetrbany dcoaldeopportunaty costs 
resulting from committing low-cost potential power sites to 


liquefaction. We turn now to a discussion of this issue. 


4.2.5 Carbon Dioxide and Enhanced Oil Recovery 

Coal liquefaction produces significant volumes of 
by-product carbon dioxide. This gas, which is detrimental to 
the environment in large accumulations, has potential for 
use in enhanced oil recovery. To the degree that carbon 
dioxide in a useable form is a scarce resource, a rent might 
be expected to result from its use in enhanced recovery. 

An exhaustive study on the subject by Prince (1980), 
determined that up to 830 MM barrels could be profitably 
extracted by carbon dioxide miscible flood techniques at 


¢20/bbl in 1978 dollars. However, only 533.8 MM barrels or 


i 
ai irr ss as 


tees. 20 eeviev syuapz sensi og sud 4 
saxwosss Yidioiiqaa 2om es trop ya kas tease: aisdi sediaoged | 7 
sta vd beonsdae ef ToseTaae > aide aleyiens odd mb 202 
to sty more eatre Yom aobte etihensd Letsnetog to eansdeixe 
Neksonieugit” +6 tnagbowgayd  & ae beoubong ,ebixoib nodts® 
od avies vem yoiliséiaeog eint Yrevpget. fio beonsrins: 302 
steo> Yitinugiredao [seo yng teetto itws xo 6ylisiaseq 
ot eatia wewom Leisnagog seoo7wol pri 33 amo mort. pnizivass 
eueei Bide 24. potesubet Bs OF moa mrtys oH .noiszsieupit 
mrs hs 28 
quewget 4: Hepaatas Bas ahinots: nodaaD A.8ae 
1 seméfov dtmeolPenphey, asouboig, nol tosteupll | Leeda _ 
of, Lernuinisdebrel datdw ase aid? sebtxoib nods. souboxq-yd 
103) taisnesoq; aad Vents Fobtuiioes opted at, anemone ld 
siiiius sass-ecganaal ysevenas ito pesandne: at ome 
idgim trex 6 ,eorwoset Sazase 6 eb mod sidscsew & mi ebixotb 
_cynewozet bpompdae: cit amu aah mor’ diuesx of) Bedosgxen ed 
(9881) soqits yd dmatitee od? 90 bose eviseuadKey nae =e 


- 


90 


64 percent are most profitably extracted using carbon 
dioxide as opposed to other techniques. In particular, the 
carbon dioxide miscible approach is in direct competition 
with hydrocarbon miscible flooding which makes use of 
methane (Prince, 1980). Thus, the value or rent accruing to 
scarce carbon dioxide would equal the extra cost of using 
the hydrocarbon technology for reservoirs in which carbon 
dioxide was most profitably applied but was not available. 
Where no other technology could be used, the rent would 
constitute the entire difference between the cost of 
enhanced recovery and the oil's import displacement value. 

The above argument rests crucially on whether 
sufficient supplies of carbon dioxide are forthcoming. 
Peincesnotes' a; study done in 1977 on availability" of “carbon 
dioxide and concludes supply SAbuba just be adequate for 
anticipated needs (Saturn Engineering, 1977). Since supplies 
of carbon dioxide rely heavily on petrochemical and other 
chemical-industrial facrireiese developments in the 
provincial economy since that time may have radically 
altereatthe supplyyoutblookiesltitshouldi betenoted” that #18 
recovery of carbon dioxide from power plants became viable, 
Supplies would become essentially unconstrained (Prince, 
1980). 

Demand and supply of carbon dioxide for enhanced 
recovery depends heavily on the oil price. As this price 
rises, more recovery projects using carbon dioxide become 


profitable, increasing demand for the gas. At the same time 
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greater volumes are supplied as petrochemical activity 
expands. The situation is further complicated where natural 
gas prices rise in tandem with oil prices; hydrocarbon 
miscible flooding becomes more expensive and rents accruing 
to carbon dioxide will increase. 

Potential supply of carbon dioxide from a liquefaction 
plant, based on Algas estimates for Cases 1 and 2, totals 
1478 MM m*/yr. Carbon dioxide, for these cases, is produced 
as a by-product of the steam-reforming of natural gas. 
Volumes produced by Cases 3 and 4, where carbon dioxide is 
produced aS a by-product of gasification, would likely be 
greater but in a more contaminated form (Fluor Engineers and 
Genstrictors Ince}¥si1979) .ALExacth valtes ‘aretdtigucul twie 
determine. 

Prince’ (1980)\ indicates that 69 m* of carbon dioxide 
are required for each barrel recovered by tertiary means. 
This would suggest supplies from a liquefaction plant (Cases 
jfande2) coutdtproviderforonecoverycofaupston2i.¢eMM (bbiyyr 
Ors sa total of 535 MM barrels over the 25 year project life. 
This abmosttexact lyecotncidestwithmtotalopotentrala:for tall 
of Alberta from carbon-dioxide enhanced recovery. Thus, it 
is unlikely that rents would accrue to the entire amount of 
carbon dioxide produced, given other sources of supply. It 
is more probable that a much smaller proportion may be 
required and rents from this could serve to offset coal 


opportunity costs, where these may occur. 
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4.3 The Model 

In this section an equation for calculating the net 
benefits offlveoabf biquéfiaction@)iss formilatedhe Given the 
problems associated with forecasting oil prices well into 
the future, an alternative method of assessing the relative 
merits of several alternatives is presented. This approach 
makes use of break-even or annual required increments in the 


O1l price which will render net benefits equal to zero. 


4.3.1 An Algorithm For Net Benefits 

Measuring Or assessing the net benefits of coal 
liquefaction is primarily an exercise in the application of 
benefit-cost analysis. Although this technique was 
Originally developed for use in meaSuring the net welfare 
gain and thus desirability of public projects, primarily 
water resources projects for which efficient output markets 
did not -exist, it can be readily applied to the assessment 
of large private sector projects and indeed has been (Foster 
Research. 1978)x 

Conventional benefit-cost formulations generally take 


thewetorm: 


te( iebr)* 


Here, the present value of costs (PVC) is equal to the sum 
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of discounted annual operating costs (OC) over the life of 
the project (m) plus the original capital outlay (K). The 
present value of benefits (PVB) is equal to the sum of the 
discounted benefit stream, where B is annual gross’ benefits 
and r is the discount rate applied to both benefits and 
costs. The net benefits of a project are the difference 
between the present value of benefits and costs (PVB - PVC). 

An inevitable problem in project evaluation is the 
determination of appropriate price levels. Harberger states: 

It iS essential for the proper evaluation of 
projects to carry out the calculations of costs and 
benefits in real terms, and the customary way to 
accomplish this is to express estimated costs and 
benefits in terms of the price level prevailing at 
the time the project is being studied...This does 
not say that costs and benefits should be evaluated 
by pricing individual products and factors at the 
levels current at the time of evaluation. 
Anticipated relative price changes, as distinct from 
general price level changes should be reflected in 
cost-benefit analyses. (Harberger, 1972, 118) 

In order to accommodate relative price changes, three 
adjustments have been made to the basic net benefit 
formulation used here. First, in addition to 
import-displacing syncrude, the benefit term also includes a 
butane product, rather than allocating this as a by-product 
to be debited against operating costs. Second, some 
alternatives (Cases 2 and 3) produce power for sale to _ the 
provincial grid. The value of this output is included as a 
negative or by-product value with operating costs. Third, 
natural gas values have been included with the benefit term 


aS negative values where it is purchased {Cases 7a) and. 2); 


and as a positive value where fuel gas is sold (Case 4). The 


edt (4) yshsuo. -hilileaialaeieons | 
add 2oomva oddvod Loupe ah (ava) re7bsened — cn 


eiitened: eeotp Levan sie eteie yuserte sii 
bas edttened died os Beilaqa veges “anueseib: »eda sh lt bee ma 


snastetiib’ add S38" gosto7q .# Io aiiteoned ton sdT sedeos ~~ 


(ova - 8V8) aceon Sem aritened to euley. inpaeiq edd neowsed | . 
~ 7a 
efi eat totsccisve doatesq i asidorg otdesiventsaka Tie" - 
a 
rasdece repredvat .elevel eo23q eistaqoiags 20 nottenimisseb 
7 
% 460 nokisuleves vaqouq (ecg 70% <sindienenieea > 
bie Bteon. id eroizelusias es vO YT76° os esostoiq 
ot yew Yremevedp .edt See. ,eaies ise1 ni aseisasd — aa 
ona eteos beiamizee eaesgse OF ai etd? deilqmooos _ 
arisned fs) 


tn penilieverq fevel eoteg sat io amiet ai 8 
as0b e:dT,.. batbuse piied et toefo7 eit amit odd ; 
borsuieve 6d bluode eyitened bane eseo> sec yee soaves§ os 


eid #8 e10s282 bas e22v507"q [eubivibnt pio ; 
16  tneTiws evel.) 


noiveuleve ie semis eis 7 
work goncseie @s ,2egnedo svt eviteles bessqioviamA 
ae ‘Siveda eepaado ievel eniig* isiemep it 


ai Rhednesie? 
(art rep redush) -eseylens Jitened-F209 4 


ey 750 

gatds .eepnadts sofaq avigeiei eishommozss 07 19090 nt - 7 

4@ aon QI8 es 

sitened tan stresd sda od ebew nesd evar ez ba 

: ee te oP 

ro noisibbs nt farts eied 806 sew qotteiumiot 
ste - 


s astulont ceils mia2 st 3ened qs abu zonye eninalaenas 
es 

Soubo rg"ya & 85 2ind faisunotio ned? +oni367 "s3ubeng conse 
emce .bno2e2 ~8780> prijea1sqo Jenieos bet idab od 
edi of aise vol TeWOC soubor (€ bre S$ #9280) ev 
5s 26 bebulont ef suqeve aids to eulev eit .bizp 
BYEAT .24409 paissrage ésiw sulsv ssuborgnyd 30 
axed sblened edd dsiw bebuloat need oved saute 260 


ais pies * ot era ei ti s19dw souley. ae on a6 
an) ine + feut exedw stn seid t 


94 


reason for Beheseme provisos” His that vesocialt valuesatior 
Syncrude, butane, and natural gas are assumed to move 
together vat the rate of increase in world oil prices. Based 
On@ethes possibilities) for “substitution this seems a 
reasonable assumption. On the other hand, power values would 
be assumed to increase in real terms in line with operating 
costs, since changes in both should in part reflect the 
supply and demand situation for materials and labor. 

Based on the preceeding discussion the following 
algorithm will represent a statement for the net benefits of 


liquefaction: 


m 
DESeLeGP) OF ePFO;eRrO,) Gi tojey( itn). 


Ww te Wey itr.) 3 m 
- Z a, | (-)——— KA sre) ee ee OC ltr) 
Geel aide) ™ 


where: b = net present value of project in 1982 dollars 

P,; = import displacement value of syncrude 

Q; = annual production of syncrude 

Pi = prrcesor butane product 

QF S="anntialepruoduetion of butane product 

P, = export value of natural gas 

Q, = annual purchases or sales of natural 
gas equivalent 

K ="Capitaimcost dnwconstant dollars 

OC” = annval@ operating: cost 

a = annual real increase in world oil 
prices 

m = project lite 

wW ="C On StLUuCtlOhmpeLLOG 

a, l= "propont bonpofecapital costwoccunning 
in year n 

r = socialediscount wate 

i = gross-of-tax return on capital 


Some discussion of this equation would be in order. The 
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first term represents the present value of net hydrocarbon 
eutputge(exeludings cdal)) @inolthat Ssyncrude, butane, and 
natural gas values are incorporated. These would then be 
expected to rise in real terms at a, the real inflation rate 
in “world oil prices. The second term is capital costs 
expressed as an adjusted present value. The adjustment 
factor or shadow price accounts for the discrepancy between 
the opportunity cost of capital and the social discount rate 
and was explained in section 4.1.2. The opportunity cost of 
funds during construction is accounted for by accumulating 
expenditures over the construction period at the social 
discount rate. The final term is the present value of 
operating costs and is based on Table 3-5 in chapter 3. 
Thus, we have an equation for calculating the net benefits 
of liquefaction which can be applied toththeimfour 


alternatives being examined. 


4.3.2 Annual Required Oil Price Increment: An Alternative To 

Net Benefit Analysis 

In assessing the economic desirability of a project it 
is preferable to estimate either the present value of net 
benefits or a benefit-cost ratio. Unfortunately, with the 
case of coal liquefaction, it may be undesirable to assess a 
project with this approach due to uncertainty associated 
with certain parameters. In particular, the world price of 
oil, taken as the measure of benefits in this analysis, has 


been subject to highly erratic and unpredictable changes. 
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Given that the world price is expressed in U.S. dollars, the 
exchange rate also plays a role in determining the domestic 
import cost and uncertainty is also associated with future 
values of this parameter. These two values can be lumped 
Eogether tosviorm “an uncertain domestic import price. 
Historic values of this price are shown in Table 4-1. 

Some justification fori.simply incorporating a first 
year value in a model can be found for prices where 
uncertain inflation is expected to occur but where deflation 
is highly improbable. A first year value would then 
represent a lower bound for benefits. To show the domestic 
import price as a first year value, however, would be 
misleading since this value may increase dramatically, as it 
has in the past, or it may actually decline as has happened 
more recently. The uncertainty associated with the import 
price is such that any calculation of net benefits could be 
rendered obsolete almost immediately. 

In order, tow deal with this) “problem Vans approach 
Suggested by Maurice and Smithson (1980) is proposed. In 
their article they attempt to devise a methodology for 
dealing with non-conventional technologies where marginal 
cost functions are not available and scanty engineering cost 
data must be used. Thus, costs can be assumed to be highly 
uncertain. The approach used sets the net benefit statement 
equal to zero and solves the net benefit equation for costs, 
rather than for net benefits. This value would then 


represent the highest value that costs could assume and 
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Table 4-1 Domestic Oil Import Price 1974-81 


World Oil Price Exchange Rate Domestic Import Price 


CSU. S7/Barrel) ieCany sales.) Ctiedny parte]. 
1974 Ce. 2o .978 hog O83 
1975 fts02 iemehiny: i e20 
1976 lpleceia: - 986 164 
way 12588 t.06385 1SeH0 
1978 T2593 1. 1407 147 5 
1979 18667 led7d4 Ze Ou 
1980 SOc in 1o6Us 36.10 
1981 Bebe en esis hs) ale 37 


Sources: World Oil (1982), IMF (1982) 


Still render the project viable. Brandie et al. (1982) use a 
Similar approach in assessing prospects for tar sands 
development. Like Maurice and Smithson, they set net 
benefits equal to zero. However, rather than solve for 
costs, values for which have already been estimated, they 
solve for the annual increment in oil prices which will 
result in zero net benefits. For the case of coal 
liquefaction, it is this approach which proves most useful. 
Since uncertainty over initial hydrocarbon prices was 
dealt with through several price scenarios while uncertainty 
over capital costs was incorporated through use of the Rand 
cost growth model, the remaining uncertain parameter iS a, 
the expected real increase in the domestic import price of 
oil. If the net present value has been defined as zero and 
all other parameters are evaluated at their base case or 
alternative scenario values, the estimating equation can be 
Solved for a in amanner similar to Brandie et al.. This 


gives an annual real oil price increase which retains the 
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Having outlined the model and approach which will be 
used to evaluate the four liquefaction alternatives under 
study, we turn now to determining the values of the model's 
parameters not yet specified. These include: prices for 
hydrocarbons (syncrude, butane, and natural gas), discount 
rates, and construction and operating schedules. Values for 
capital and operating costs, expressed in constant 


4.4.1 Oil Prices 


It will be recalled that the social value of synfuels 
from coal is taken to be the value of imports displaced. 
This requires calculation of the value of imported petroleum 
of Similar quality, netted-back to the liquefaction 
plant-gate. An average imported value then will require two 


adjustments, one for quality differences and one _ for 


transportation charges between the point of delivery and the 


te outer sneee3y 
sufav 10% 22012 « ee oe 
out .tf ‘oF berivetts - ) 
faupa editensd to ou fev 


ed [liv Hortw Soma | bane Lasom edt see i a 
pebau esvitanzetin notagatsup!t nue ons cieviave ) ce L 
fi c+ {ne 


a'{ebom oft 20 say bev 4it9 paininvasah 03 vor nud ov 
gc} vadliq +eby ont pean -belttosde 29 jon. si mt 
apo 


jquesels ese tegen Bee” ,ongiud: _sburonye) enod 


oe. 2 oe 


102 asulsVv .eslubed se antibiedge gaa -ne:seurdero> Be 


ieeretion ai Badaoiges .eiee0 poitereqo bos fi 
be 
+#iqado 16 e-6 side? t fii besispeda alah .eisilob 


- aig &h 4° 
7 
PAs q 1A4 ees Oe 
; : 


~ 2 a i 


gisutnye to shed is ae 
on neds 


a ee ae pe i 


Shs) 


Jiquefaction plant. 

Adjusting oil prices for quality differentials entails 
consideration of both density and sulfur content. Higher 
density fuel, measured by degrees API, is more desirable 
because a larger proportion of high-valued products can be 
refined £romelit. —s.Su brim, “Onwebhes oOthem@ephand seincreases 
refining costs as itS proportion increases. In order to make 
adjustments for these two factors, which differ for average 
imported petroleum and the coal-based syncrude, a regression 
equation was employed. Data were obtained on average prices, 
densities, and sulfur levels of OPEC oil (World Oil, 1982) 
and density and sulfur Wales were then regressed against 


prices to obtain the following equation: 


Privces=ars bIGon tM alOSeimAL Ion = O40 /45Su.rur 


Ree Hees O10 Sena o Taal. OO 6) N = 15 


Adjustments to the imported value of petroleum were made 
using the partial derivatives from this equation. 

Transportation charges considered here include pipeline 
costs, pipeline losses, and terminal charges at Montreal, 
thei point for which the landed price is calculated. Values 
for these parameters as well as the average import price in 
mid-1982 were obtained from the Petroleum Compensation 
Board. The net-back calculation for syncrude is presented in 
Table 4-2. 

The price for the mixed butane product was taken as 


$28.66/bbl and was obtained from the Alberta Petroleum 
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Table 4-2 Net-Back Social Value of Syncrude 


Product Values ($/bbl1) Comments 


Imported Petroleum 41.08 S2°API}42975%, sudtur landed 
aeeMontrealjevuly 1982. 
(Kosegi, pers. comm.) 


L839 Quality adjustment to 
29..5°API, 0% Sulfur based 
on OPEC price differentials 
(see text) 


eerie Interprovincial and Lakehead 
pipeline, Edmonton to 
Montreal; pipeline losses; 
Montreal terminal charge 
(Kosegi, pers. comm.) 


Syncrude 41.26 Net-back Alberta price for 
2945°APi  s0Kusudtun. 


Marketing Commission (Macdonald, pers. comm.). 

Outputs of syncrude and ‘butane fork addy fouc 
liquefaction alternatives amount to 18.85 MM bbl/yr and .393 
MM bbl/yr, respectively (Kilborn Alberta Ltd., 1981). The 
totainfirst yearhavalueovofutsyntrudeurandga butanevainnt 1982 


dollars is $788.97 MM. 


4.4.2 Natural Gas Price 

The expont prace Viovesnaturalnegasyartakenon asuiibhe 
next-best use value for this commodity, presents some 
problems for calculation. Section 4.1.3 outlined the 
selection of the U.S. domestic price as the appropriate 
value. However, many different price levels for natural gas 
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the NGPA or Natural Gas Policy Act (World Oil, 1983). Crouse 


(1983) lists three different average prices for 1982: an 
average domestic price of $2.40/MCF  (U.S.), ~an~- average 
section 102 (NGPA) price of $3.14/MCF, and an average 
section 103 (NGPA) price of $2.64/MCF. The value of Canadian 
gas should theoretically be slightly below the highest price 
domestic Urls =gase=in. sorder=sto “inducer=substi tumor ior 
purposes here we take the section 102 price of $3.14/MCF as 
an approximation for the substitute value of Canadian gas in 
eheaU sts 

For conversion of U.S. dollars to Canadian, an exchange 
rate of .80 ($U.S./$Cdn) is used. This suggests a Canadian 
Export Valle GEGS$3T9S/“MCFROrS$4138074/MeSm2. CNet heoutputs 168 
natural gas for Cases 1 and 2 is ~ 1826 MM m°/yr. For Case 3 
there 1S no input or output of natural gas or fuel gas. Case 
4 includes sales of 1756 MM m?/yr of fuel gas. Since this 
medium Btu gas is evaluated at 65 percent of the heat 
content of methane, output of natural gas equivalent for 
Case 4 is 1142 MM m°/yr. Total first year values for natural 
Gastare?8-$2532340MM forceCaseselyand%2, *zeroc formcase.synand 
$158.44 MM for Case 4. 

Total first year values for net hydrocarbon output 
(excluding coal) are presented in Table 4-3 for the four 
sets of design parameters being considered. These values 
reflect 1982 prices for these commodities which would be 
expected to increase at a, the annual increment in world oil 


prices, over the project life. 
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Table 4-3 First Year Social Values for Net Hydrocarbon 
Output ($ MM 1982) 


Case 1 Case 2 Case 3 Case 4 
Syncrude Lele UU AAS fA Yes EAT Bs 
Butane tiLSe22 ee Wtie22 fat usnen 
Naturals Gas §-253734 = Vase oe - 158.44 
Total 535 163 535563 188). 94 947.41 


4.4.3 Discount Rates and Schedules 

Choice of a real discount rate requires two values, an 
opportunity cost of capital and a social time preference 
rate. This requirement arises as a result of the inclusion 
of an adjustment factor applied to capital costs which 
reflects the assumed divergence between these two rates. 

The opportunity cost of capital reflects the 
Grossaof-taxidireahalrategsohiernueturn fon domestic acaputal. 
Several studies have estimated this value with most authors 
arriving at a number in the area of 10 percent (Treasury 
Board, 1976). A more recent study from the Economic Council 
of Canada estimated the average real before-tax return to 
capital over the period 1947-1976 (Tarasofsky et al., 1981). 
This value for the manufacturing sector was 10.2 percent and 
is used in this analysis to reflect the opportunity cost of 
funds invested in a coal liquefaction facility. 

The problems associated with selecting an appropriate 


social time preference rate were alluded to earlier in this 
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thesis. To bypass the great uncertainty associated with any 
Single value, several values are selected and used 
throughout the analysis. The maximum value is taken as 10.2 
percent.) This® implives ®san “opportunity = cost of capital 
approach to discounting in that the opportunity cost rate 
and time preference rate are equal and the shadow price of 
Capital is one. A lower bound rate is assumed to be 4 
percent. Wirick (1982) uses this rate in comparing market 
returns to social returns from tar sand development. He 
argues that the appropriate rate should be the "average real 
interest cost of foreign debt financing" (Wirick, 1982, 552) 
and bases his choice of 4 percent on empirical work by 
Burgess (1981). It remains then to choose a median rate. 
BiuEgess;  ineuhewssame 093 | article; = arrives Sat) fanweoverall 
SOciadils qarscount) ratemof 770-7 e5epercent.sror this thesis, ta 
median value of 7.5 percent is chosen. 

An additional consideration for project analysis, 
especially with regard to discounting, is scheduling. 
Capital costs for large projects take place over several 
years and this has implications for the cost of funds. The 
operation phase also includes scheduling parameters such as 
project life and operating days per year. 

The construction schedule is assumed to follow the 
expenditure pattern in the Algas Study. Combining this with 
qmeStart supe darem Ol wel? eleadSe st O=athe following yearly 


distribution of expenditures: 
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1985 5% 1988 30% 
etste, Nn 1969 30% 
1987 BE1S% 1990 10% 


The project life assumed in the Algas Study is 25 years 
along with continuous operation over 310 days per year. In 
addition, the Algas Study suggests a phased-in production 
schedule with first year output at 50 percent of potential 
and rising from 70 percent to 100 percent in 10 percent 
intervals over the following 4 years. Incorporating this 
into the estimation procedure proved difficult so it was 
dropped. Instead a production level of 100 percent was 
assumed from the onset. This would lead to ae slightly 
optimistic bias in results where Algas values reflect actual 


circumstances. 


4.5 Results 

In this section, annual required oil price increments 
for four sets of design parameters are presented. These are 
based on several scenarios for real oil price levels in 1991 
and alternative values for final capital costs. A discussion 
of the findings follows a brief description of the scenarios 


employed and a presentation of the results. 


4.5.1 Annual Required Oil Price Increments for Alternative 
1982-91 Oil Price Scenarios 

Section 4.1 outlined the reasons for including several 

possibilities for both ultimate capital costs and real 1991 
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scenarios which arise from these assumptions. 

Three oil prices scenarios «for» each .of-two sets: of 
Capital’ costsiare uthdazedemCapitad costsstare assessedarat 
both the base level suggested in the Algas Study and at a 
level 82 percent higher, based on the predicted value for 
final costs from the Rand cost growth model. Real 1991 oil 
prices are assumed to follow from one of three patterns. 
First, a supply shock is assumed sometime during the 
1982-1991 period and leads to a real level 15 percent higher 
inane I9lesthan an 21982seThes soughiyacorrespondsas toratreal 
annual increase of 2 percent per year over the 9 year 
interim period. Second, prices are assumed to remain 
approximately constant in real terms over the next decade. 
This concurs with at least one current forecast (EUPC, 
1983) sufhard+gaiscenar@o of6 fadidingn readenoilesepricestias 
examined. This possibility exists due to recent changes in 
the world oil market and has been suggested aS a distinct 
possibility (IMF, 1983). Therefore, a scenario of real oil 
pricestiiS apercenteidower? unredO9lanover @dO82agtevels is 
examined, corresponding to an annual decline of about 2 
percenteocver thasepen@odsiltrashould jbepenoted jtbhatagthese 
scenarios assume the continued existence of the OPEC cartel. 

An additional consideration stemming from varying real 
1991-\011 -prices isseffects-on liquefaction: costs.»The: link 
between international oil prices and economic activity in 
Alberta has been discussed at several points thusfar: high 


oil prices:«tend»/to »be ecorrelated»owithsrhighy levels of 
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activity. It has been shown elsewhere that during the period 
of rapidly escalating oil prices which characterized the 
1970854 capital and operating costs for large 
non-conventional energy projects increased significantly in 
real terms (Brandie et al., 1982). Should such a scenario be 
repeated in the 1980's, it might be expected that costs 
would again increase in real terms. Thus, in line with a 15 
percent increase in oil prices, a similar increase is 
postulated for real construction costs: mhars again 
translates» °to-'a 2 percent per year real annual rate. A 
scenario of constant real oil prices is likewise presumed to 
beSsretiected tin PednsStantvei982irconstructionn@costs.guThe 
falling real price alternative may also be expected to 
result) in- falling real ‘construction costs. This does not 
seem unrealistic given the lag in recent construction 
activity in Alberta following a 15 percent drop by OPEC in 
@ariyv. 19834eaReal.1982 capital costs under this 1991 price 
regime are assumed to drop by 15 percent by that year, 
reflecting an approximate 2 percent annual decrease. 
Operating costs are assumed to move in line with both 
construction costs and oil prices. A 15 percent increase in 
Oilveprices* ~by® 1991°°%is taken'to result) in’ operating cost 
escalation of 2 percent per year in real terms over the 
1982-1991 period. Constant real oil prices are assumed to be 
associated with constant operating costs while falling real 
opleeprices  coversethest1982=1994 tare presumed? tomleadstocan 


annual decrease of 2 percent in project operating costs. It 
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1s accepted that the potential cost adjustments suggested 
here are somewhat hypothetical and as such are intended only 
to reflect directions of movement. 

Based on the above assumptions and the model presented 
in section 4.2.1, annual required oil price increments’ for 
four sets of design parameters were calculated. These values 
Eom .duscount rates®ot | 4 ‘paneent, 7.53{percent, -andg 1022 


percent are presented in Tables 4-4 and 4-5. 


4.5.2 Discussion 

The results indicated in Tables 4-4 and 4-5 can be 
analysed from two perspectives. First of all, these figures 
give an idea as to the overall potential for coal 
liquefaction in Alberta. Secondly, the assessment of four 
different sets of design parameters allows a determination 
of the most profitable approach from the point of view of 
social valuation. 

It should be recalled that annual required increments 
ing owl pricesS are thoseg values fom which higher factual 
infl@tion in import “pricés$iwill - créate positive net 
benefits, while lower values will result in net losses. 
Values in Tables 4-4 and 4-5 ‘can be compared to. current 
expectations and past experience with oil price inflation, 
in order to determine whether liquefaction could provide a 
viable means of import substitution. Based on Table 4-1 and 
consumer price index data (Alberta Bureau of Statistics, 


1982), the real average annual rate of change in imported 
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Table 4-4 Annual Required Oil Price Increments for Four 
Liquefaction Cases Under Alternative Oil Price 
and Discount Rate Scenarios - Base Capital 


DMSCOUNE Case 1] Case 2 Case 3 Case 4 
Rate (% change/yr) 


Base Capital / Constant Real Oil Price 1982-91 


4.0% 2.34 2082 hiZS 84 

Ties Svs 32010 Pe (ENS reo 8 

HOS2% ye) 4.01 3748 2330 
Base Capital / High Real 1991 Oil Price 

4.0% ala 9d 1.60 69 

7.5% Si 1 2a 2.47 9 

tOm2% a6 aac 0 3m3G 208 
Base Capital / Low Real 1991 Oil Price 

4.0% Casha 2.43 2n06 i abd 

T.5% Sige! 3.46 S02 see le 

LODZ, AES Z 4.43 3.94 2ee3 


Table 4-5 Annual Required Oil Price Increments for Four 
Liquefaction Cases Under Alternative Oil Price 
ands Discounte Rate scenari0s — Rand) Capital 


Discount Case 1] Case 2 Case 3 Case 4 
Rate (% change/yr) 


Rand Cost Growth / Constant Real Oil Price 1982-91 


4.0% pele | 6.09 am Ties) 4.84 
71.5% Tesh 1s) Teale 6.18 
10.2% SmGo Ssae 8.48 W239 


Rand Cost Growth / High Real 1991 Oil Price 


4.0% SW As, veoG 5260 4.70 
ejay) Iolse, 71.43 1ESIOe- 6.02 
hORZ% 8.46 8.74 gre 0 7120 


Rand Cost Growth / Low Real 1991 Oil Price 


4.0% 6.16 6a37 6.01 2 site 
Ue sy! 7.64 Je 7.49 6.50 
10.2% 8095 9a26 Saas 2205 
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Oil prices over the 1974 to 1981 period was about 10 
percent. This does not include the dramatic increase from 
H973iTrto 1974. Currenteforecastshior + thel1982e¢toil 2000@period 
project a relatively constant real price to 1990, rising 
Slightly after that (EUPC, 1983: IMF, 1983). 

For base capital costs, results indicate the 
possibility of a viable liquefaction industry is far from 
remote, no matter which price scenario is examined. For this 
set of capital costs the range of required increments is 
from .69 percent per year for Case 4 at a 4 percent discount 
patematod 4V52vepencent per@ycarifor Casés3iatei0.2-percent? 
Required increments are uniformly highest for the 10.2 
percent rate and lowest at 4 percent. This agrees with 
notions that a capital-intensive project will show less 
favorably at higher rates of discount. Not surprisingly, the 
high price scenario shows the best prospects and this is 
followed by the constant and lower price cases. The use of 
real construction cost inflation for the high price scenario 
and deflation for the low price situation obviously does not 
serve to completely offset rising or falling interim oil 
prices. 

The Rand cost growth scenario for capital costs proves 
less optimistic, as should be expected. Values for this 
case, shown in Table 4-5, are generally 3 to 4 percent per 
year higher than under base capital assumptions. Despite 
this, Crankings®for pricetscenariostand- “discountStrates ‘tare 


identical to the base case. 
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An inspection of the results for the four different 
liquefaction alternatives shows that Case 4 consistently 
requires the lowest necessary annual oil price increment to 
provide zero net benefits, among all price and cost 
scenarios. Intra-alternative results can be viewed most 
meaningfully in terms of the 'switching' process which is 
inherent in the allocation of solid residue and fuel gas to 
different uses. This can be seen more clearly in Table 4-6. 

The movement from Case 1 to Case 2 represents use of 
solid residue for power rather than disposal. Based on _ the 
estimated values under base capital costs (Table 4-4), this 
allocation is socially profitable Since power from 
liquefaction is produced cheaper than the cost of purchases 
fromethe pudviinc talegridsthor cRandscost sis(TableeM4=5)), Mthis 
ranking 1S reversed since higher initial capital costs lead 
to more expenSive power generation at a liquefaction site. 
This, of course, assumes that cost overruns affect the power 
component of costs and the rest of capital costs equally. If 
this was not realistic, results might be reversed. To test 
pits, @-an iaddittvonalk cabculat ton iffor \"Caseec2 ifwas done 
excluding power capital from the Rand cost growth overrun. 
Usinquithedc oristant€onmbtpr ice Vescéenamtoir tandata Wan. SO¥pencent 
discount rate, the estimated increment for Case 2 was 7.26 
percent per year compared to 7.35 percent per year for Case 
1, confirming that a reversal would occur. 

Cases 2 and 3 provide an interesting contrast in that 


equal amounts of power and hydrogen are produced but 
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TABLE 4-6 Allocation of Solid Residue and Fuel 
Gas Among Liquefaction Cases 


SS 


Solid Residue Fuel Gas 
Case 1 waste hydrogen 
Case 2 power hydrogen 
Gasen3 hydrogen power 
Case 4 hydrogen sold 


feedstocks for each are switched. What is tested then is the 
potential net saving involved in this switch. This can be 
expressed as (PC2- PC3;) - (Hz - H3), where: PC2 is present 
value power costs for Case 2 uSing solid residue, PC3 is 
present value power costs for Case 3 using fuel gas, Hz is 
present value hydrogen costs for Case 2 uSing natural gas 
and fuel gas, and H3 is present value hydrogen costs for 
Case 3 using coal and solid residue. For values of this 
expression greater than zero Case 2 will be favored, while 
values less than zero favor Case 3. Based on both Tables 4-4 
and 4-5 it appears the net savings involved in switching 
feedstocks favor Case 3 throughout. This would become less 
pronounced if the export value of natural gas was lower. 
Calculation of a threshold export price of natural gas 
which would equate required increments for Cases 2 and 3 
(baSeacapitalgwconstanttioily pricegnads5inpercentg dascount 
rate) «résultse«ind saesvaluesof.$3.55/MCF (Cdn) or $2.84/MCF 


(U.S.). Export prices greater than this favor Case 3 over 
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Case 4 while for lower prices, the opposite is true. Since 
$3.55/MCF is relatively near $3.93/MCF, the value assumed in 
the analysis, results must be accepted as sensitive to the 
price of this parameter. 

Case 4, aS previously mentioned, provides the most 
favorable set of design parameters in terms of social profit 
potential. Implicit in this case is the assumption that fuel 
gas sales are possible and can free currently used natural 
gas for export sale. Results for this case can be 
meaningfully contrasted to Case 3 where fuel gas is used for 
power generation. 

Differences between required a price increments for 
Cases 3 and 4 can be expressed as (FG, - PCy) - (PB3 - PC3), 
where: FG, 1S the present value of fuel gas sales in Case 4, 
PC, is the present value costs of coal-fired power in Case 
4, PB; is the present value of power sales in Case 3, and 
PC; is the present value costs of power in Case 3 using fuel 
gas. Where this sum is positive Case 4 will dominate Case 3 
while a negative value implies the opposite. Again the 
Sensitive parameter here is the natural gas export price. 
Galoulation ‘offi a @ihresholdy value which equates the 
above-mentioned sum to zero yields a figure of $1.67/MCF 
(Cdn) or $1.25/MCF (U.S.). Prices above this value cause 
Gaser 4  to® dominates Cases 233" sThe Trelatively lowe vale 
indicates a lower sensitivity to changes in ranking than is 


indicated between Cases 2 and 3. 
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In summary, liquefaction could provide a reasonable 
option to oil imports in 1991 based on the assumption that 
costs outlined in the Algas study source are accurate and 
that price and cost inflation scenarios are realistic. If 
the Rand cost adjustment results in more meaningful costs, 
liquefaction is unlikely to present a viable alternate 
source of oil. Hydrogen from gasified coal, which allows 
fuel gas to displace exportable natural gas, is the favored 
liquefaction design over all cost and price scenarios. 
Should this option not be workable, hydrogen from coal is 
Still the desired route over natural gas reforming where oil 
and natural gas are priced at their social opportunity 
costs. Some resultS appear sensitive to the natural gas 
export price which advises some caution in drawing 
conclusions. An alternative evaluation with use of financial 
analysis parameters such as taxes and market prices is 


examined for its implications in the next chapter. 
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5. Financial Analysis of Coal Liquefaction 


5h Introduction 

Potential for coal liquefaction using a social returns 
perspective was the focus of the preceding chapter. However, 
liquefaction, should it be undertaken, would likely be a 
private pursuit and this raises additional questions aside 
from social returns. Chapter 2 discussed the possible 
implications of market failure on oil import substitution. 
Based on that analysis, it was concluded that distortions in 
pricing as well as a divergence between social and private 
discount rates, whether from taxes or different perceptions 
of risk, could lead to an inconsistency between the social 
and private desirability of liquefaction alternatives. 

In order to test for ‘possible market failure, a 
financial analysis was performed. Relevant accounting 
parameters were incorporated to reflect, where possible, the 
private circumstances of undertaking coal liquefaction. 
Unfortunately, due to the lack of existing liquefaction 
projects, the approach taken must be accepted as somewhat 
hypothetical. This speculative aspect is enhanced when it is 
considered that current tar sands projects have been subject 
to unique financial parameters negotiated on a 
project-by-project basis. Nonetheless, results from this 
exercise should help demonstrate the significance of market 
distorting factors on the private sector's desires to invest 


in Varge non-conventional “energy projects “such as coal 
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liquefaction. Before presenting the results, we will briefly 
address the unique elements that must be included as part of 
the financial analysis, as well as detailing the algorithm 


employed. 


5.2 Formulation 

A private accounting stance must reflect the market 
prices faced by a private firm. For liquefaction this means 
that market values for syncrude, butane, and natural gas 
must be used in addition to the real efficiency cost data 
presented in Table 3-5 of chapter 3. Whereas chapter 4 used 
the import displacement value of syncrude as the measure of 
benefit, the relevant price here is contained in the 1980 
energy pricing agreement between the Federal and Alberta 
governments. This New Oil Reference Price or NORP is assumed 
totapplye@ toheproducts#tose@tcodl veconversronifabased onhethe 
following: 

Effective January 1, 1982, a New Oil Reference Price 

(NORP) will apply to new oil, that is to say, 

conventional new oil in Alberta, synthetic oil 

(including existing Suncor and Syncrude production) 

and oil from Canada Lands. (Memorandum opi 

Agreement..., 1981) 
The 1981 pricing agreement is also responsible dey g 
regulating the domestic natural gas price. 

Taxes represent a legitimate cost to private firms and 
ase such they are inclluded in the financial “analysis. 
Specific considerations are: corporate income taxes, 


royalties, anda capital cost allowance. For purposes here, 


liquefaction is assumed to be a manufacturing activity 
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facing standard tax and allowable depreciation rates for 
such endeavors. -Brandie et al. (1982) -take a similar 
approach in their analysis of a hypothetical tar sands 
project. 

Royalty payments represent some difficulty due to the 
Singular nature of coal liquefaction. Tar sands projects 
constructed thusfar face either a gross revenue or 
profit-sharing royalty based on the status of bitumen as a 
form of petroleum feedstock which is extracted and upgraded. 
Liquefaction, on the other hand, entails conversion of coal, 
which faces its own royalty schedule, into a petroleum-like 
Substance which as a substitute for oil might also require 
royalty payments. For purposes here, it is assumed that a 
royalty is paid only on coal. This is justified in two ways. 
First, payment of double royalties would not seem in keeping 
with the theory of extracting rents from 'in situ' mineral 
resources nor does it seem fair. Second, the government coal 
policy states that a royalty is payable "as a percent of the 
quantity of coal used or marketed or in dollars as a percent 
of the deemed value of the coal used or the revenue received 
from the coal marketed." (Alberta Energy and Natural 
Resources, 1976, 10). This suggests that it is the raw coal 
which is subject to the royalty. It is understood that there 
is little precedence for resolving this issue and that other 
approaches could be justified. 

Taxes were recognized in chapter 2 as being one reason 


for a divergence between private and social discount rates. 
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Other possibilities such as differing perceptions of risk 
were also mentioned to explain high desired after-tax 
returns on investments in non-conventional energy. Allowance 
for higher private rates of return based on 100 percent 
domestic equity financing is included here to test their 
impacts “on “the eprivate %profitability of liquefaction. A 
value approximating the desired rate for the Alsands project 
is used aS a base value with several variations for 
sensitivity purposes. 

Rents from carbon dioxide are assumed to accrue to 
Operators of tertiary recovery projects following the 
approach taken by Prince (1980). Where this gas is in short 
supply, producers of carbon dioxide may be able to extract 
some Share of]ithis and supplement their revenue Stream. 

Opportunity tcéests* tof tcooalerareatalbso snot inexpliertely 
accounted for privately although cases may exist where the 
owner of rights to a coal deposit may have the option of 
conversion or power generation. In this circumstance the 
social opportunity cost would be '‘internalized' and this 
would be reflected in desired returns from a coal conversion 
project. 

In order to incorporate the considerations discussed 
above, an algorithm developed by Kalymon (1979) for 
assessing net revenue of large energy projects was utilized. 
Thiseequation, “modified for°application"to liquefaction,® is 


represented as follows: 
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where: b = net present value of project in 1982 dollars 
P; = domestic price of syncrude 
Q; = annual production of syncrude 
Pj} =fprecesofrbutaneuproduct 
Q; = annual production of Butane product 
P, = domestic price of natural gas 
QO. = annual purchases or sales of natural gas 
equivalent 
K = capital cost in constant dollars 
OC = annual operating cost 
R = annual coal royalty 
a = annual real increase in domestic oil prices 
r = corporate income tax rate 
d = capital cost allowance rate 
m = project life 
W = construction period 
ap p= PLOpOLL 1 OneOLecCapltalscost OCCULTING am yearn 


real after-tax rate of return 


This equation differs from the formulation used in chapter 4 
with Btheta@incolusionpactimetaxest¥alcapitalb costuaidowance?t ha 
royalty on coal, and domestic prices applied to syncrude and 
Natural gas. It also excludes the adjustment factor applied 
to capital costs which reflected a divergence between the 
social time preference and opportunity cost of capital 
rates. Interest during construction is accumulated over’ the 
construction period similarly to chapter 4 but at the 
required realsafter-tax rate of return:rather* «than at« the 
socialetidrscount cate. thThe )¥termpridyitd, amubtiplying the 
present value of capital costs, represents a "tax shield” 
(Kalymon, 1979, 3) in that speeded up depreciation defers 


income taxes and results in a higher present value of net 
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revenue. 

Ase) ine chapter usa me ches approach atakenmaherem. is to 
calculate a required annual increment in oil prices which 
results in a zero’ present value of net revenues. In this 
chapter, however, it iS not a required rate of change in the 
world oil price we are calculating since we are pricing at 
domestic levels. What is measured here instead is the annual 
required increase in these latter values. Since we wish to 
estimate the required annual increase in benefits in both 
cases, whether or not domestic prices change in tandem with 
world oil prices is irrelevant. It does not seem implausible 
though that domestic prices, although not pegged at world 


levels, will at least move in approximately the same way. 


5.3 Parameter Values 
Estimation of parameter values to be used in the 


financial analysis involves determining prices for syncrude, 


butage, Stand Gnatural gas, ‘and rates of ‘return, taxes 
(including royalties), and capital cost allowance. 
Construction and operating schedules implemented are 


identical to those outlined in section 4.3.3. 

The NORP applied to syncrude is based on a January to 
March 1982 average import ceiling price adjusted for quality 
G@ttterencesy $aSO.pérM the, 198iempricing agreement, and 
netted-back to Alberta. This follows a similar procedure 
employed in the previous chapter. The calculated value is 


Shown ‘in Table 5-1. The market price’ for syncrude of 
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Table 5-1 Net-Back Market Price of Syncrude 


Product Values ($¢/bbl) Comments 


NORP $41-30 S8QNAPRAIS%isulfur at 
Montreal, January-March, 
1982 average. 
(Kosegi, pers. comm.) 


a. hes Ae) Quality adjustment to 29.5° 
API, 0% sulfur based on 1981 
Pricing Agreement. 


= eat Transportation charges 
Edmonton to Montreal. (see 
Table 4-2). 
Syncrude eS Helia SRO Net-back Alberta price for 


29 . SabAPTMSOD Ssublane 


$38.30/bbl iS approximately $3/bbl less than the import 
displacement value of $41.26/bbl. This is in part explained 
by the fact that adjustment factors based on OPEC price 
differentials amounted to 10.3¢/°API and 94¢/1% sulfur while 
factors included in the 1981 Pricing Agreement were 22¢/°API 
anda$#i65/i%isubter. 

The price for butane is taken as $28.55/bbl, equal to 
the value used in the social evaluation. 

FOr natural gas, the mid-1982 domestic price of 
$2.04/MCF or $72.01/M m°? is used (EMR, 1983). This compares 
to an export value employed in the previous chapter of 
$3.93/MCF or $138.74/M m*, which is roughly double the 
domestic price. 

Outputs and inputs of syncrude, butane, and natural gas 


for the financial analysis are identical to volumes 
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indicated in Table 3-5 and used in chapter 4. Based on the 
above prices and the stated annual volumes, first year total 
ValLuese—are—~showneminelabple-5S=241:b—shouldsbe-recalledthat 
these values are expected to rise annually in real terms at 
batvewa. 

Corporate income tax rates included are those for 
Similar industrial enterprises. A net federal rate of 36 
pereent and aGOprovincialg@Graté of tia .peércent BateSsused 
(Statistics Canada, 1983b). Income taxes are assumed to be 
calculated on net income net of royalties. Although this has 
not been the case since 1974, subsequent provincial tax 
measures have attempted to restore corporate taxes, aS a 
proportion of net income, to pre-1974 levels. The capital 
cost allowance is taken here as 20 percent, following 
Brandie et al. (1982). Coal royalties were determined as 5 
percent of the gross revenue requirements Ber independently 
operating mines equivalent in size to those used in the 
analysis (Alberta Energy and Natural Resources, 1976). 
Royalty calculations are presented in Appendix 1. 

The remaining parameter to be specified is the required 
after-tax rate of return which is used as the discount rate 
(since taxes are netted out). As in the social evaluation, 
no Single value is employed; rather, three values 
representing a broad range are used. The base or _ median 
value is taken to be 10.2 percent. This roughly equals the 
desired rate of 10.5 percent for the Alsands Project 


(Mariash, pers. comm.). A lower bound rate of 7.5 percent is 
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Table 5-2 First Year Market Values for Net Hydrocarbon 
Output ($ MM 1982) 


Case 1 Case 2 Case 3 Case 4 
Syncrude (PAPA ROK: 722.06 2a 6 722.06 
Butane ieee 1h rae igleeeee LieZ2 
Natural Gas -131.49 =—13 1.49 = 82.24 
Tota 601.79 601579 VS6rZze Si 5162 


used, based on Brandie et al., who state that it is "typical 
ofcttraditionale ratestaot GreturnceinceCanadian sandustryé¢ 
(Brandie et al., 1982, 159). For an upper bound, 15 percent 
is suggested by Feick and McConaghy (1976) in their analysis 


of the private costs of various hydrocarbon energy sources. 


5.4 Results 

Scenarios employed in the financial analysis are 
identical to those described in section 4.4.1 and used in 
the social evaluation. Briefly, these involve three sets of 
real 1991 oil prices: a constant real 1982 oil price and 
variations of plus and minus 15 percent. Construction and 
operating costs are also assumed to be constant in real 
terms or increase by plus or minus 15 percent, in line with 
oil prices. Additionally, a high capital cost scenario at 82 
percent above base costs is examined. This follows from the 
Rand Cost growth study and is intended to reflect possible 


over-runs not apparent in the early stages of cost 
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estimation. 

Results for the financial analysis are indicated in 
Tables 5-3 and 5-4. The overall showing for the private 
assessment appears less optimistic than results in the 
previous chapter. The range of required increments for the 
base capital scenario is 1.77 percent per year to 12.63 
percent perg.yéar compared to .69 percent per year to 4.52 
percent per year for the social evaluation. The ranking of 
price scenarios by required increments is identical to the 
social case; the high oil price scenario provides the lowest 
increments, the constant oil price scenario is second, and 
the low oil price scenario shows the highest required price 
changes. For discount rates, it would be expected that lower 
rates would produce more favorable results due to the 
dominating influence of capital costs and this is indeed the 
case here. The Rand cost growth scenario produces similar 
rankings by price scenario and discount rate to the base 
Capital case except that values are generally 4 to 5 percent 
per year higher. Increments for Rand costs range from 6.28 
percent per year to arveryGBarge 167974 percent viper year: 
Thige compares '6to ‘a range in chaptemy4 of 4. 7epencent per 
Year togo. 26epercentiiper tyear. 

Results for individual liquefaction alternatives reveal 
different rankings in the financial analysis in comparison 
to results in the previous chapter. In addition, whereas the 
ranking of alternatives under a social valuation of inputs 


and outputs was constant throughout, this is not always true 
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Table 5-3 Annual Required Oil Price Increments for Four 
Liquefaction Cases Under Alternative Oil Price 
and Discount Rate Scenarios - Base Capital 


Discount Case 1 Case 2 Case 3 Case 4 
Rate (% change/yr) 


Base Capital / Constant Real Oil Price 1982-91 


75% 2006 1387 Bass Stra 
10°. 2% Bi sltks! Sere) G2 6.15 
158.0% 10859 100 12525 i397 
Base Capital / High Real 1991 Oil Price 

FSS Lg she) 1a 7 SG.2 1 2.94 
10.2% 4.89 4.97 Gare be 96 
15.0% 16 45 10R55 id<82 11.34 
Base Capital / Low Real 1991 Oil Price 

7.5% 2.49 2.34 8.93 3.44 
UO Pays 5.45 eines) Gao Bae 
15.0% LOC 38 11.42 122.68 1200.0 


Table 5-4 Annual Required Oil Price Increments for Four 
Liquefaction Cases Under Alternative Oil Price 
and Discount Rate Scenarios - Rand Capital 


Duscount Case 1 Case 2 Case 3 Case 4 
Rate (% change/yr) 


Rand Cost Growth / Constant Real Oil Price 1982-91 


Wecays 6.43 6.68 TOT Mies 72 
10.2% 9.54 9.94 Oy oe 10S 
15.0% seks: 15670 16.65 16609 


Rand Cost Growth / High Real 1991 Oil Price 


TSK 63:28 6A 52 7.59 LS22 
10.2% eho Si 5 WE i0.768 MOS Sil 
15.0% 14.80 Lore 16629 FOROS 


Rand Cost Growth / Low Real 1991 Oil Price 


7.5% 6en3 7200 8805 ie6d 
10.2% 9.86 10027 aS ae) 1058S 
15.0% 15250 16.04 16807 16.51 
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here. For base capital costs, the alternative providing the 
lowest required price increment changes from Case 1 to Case 
2as | the rate vol return increases from 7.5 percent to 10.2 
percenE. This is apresult srof ethe higher required sreturna 
putting power generation in Case 2 at a disadvantage 
relative to purchase prices from the provincial grid. In the 
Rand cost scenario, Case 1 dominates Case 2 throughout, 
again due to a relative cost disadvantage. Clearly from a 
private perspective, no matter which discount rate or 
Capital cost is used, the preferred route for hydrogen 
production is steam-reforming of natural gas. 

Comparing Cases 2 and 3, we find the bevel ate reversed 
from the previous chapter. The lower natural gas price here 
gives Case 2 the relative cost advantage in assigning solid 
residue to power generation and fuel gas to hydrogen 
manufacture. Case 4, as in the social evaluation, still 
requires a lower annual increment for a zero present value 
of net revenue than Case 3, despite the lower market value 
of fuel gas sold. 

In summary, annual required oil price increments for a 
financial or private analysis are somewhat higher than for 
the social perspective. The ranking of alternatives is not 
consistent and differs markedly from the previous chapter's 
results. For a private firm, the preferred route to produce 
hydrogen is reforming of natural gas. The desirability of 
power purchases aS compared to on-site co-generation of 


power and steam differs with the required rate of return, 
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favoring the latter at the 775 percent discount rate only. 


6. Implications of the Analysis 


6m Introduction 

Results from the previous chapter indicate the 
existence of a divergence between the public and private 
incentives to pursue coal liquefaction. The case for this 
market failure rests on differing specifications for prices 
and discount rates. This chapter seeks to identify the 
relative -roles -of prices. and discount rates in creating 
market failure, as well as to discuss the social cost and 
policy implications of the existence of market failure. 
Under this latter category are a number of considerations: 
the magnitude of social losses from either refraining from 
developing coalfliquetactionesor eizom “alewrongigchoicesgsos£ 
process design, implications for research and development, 
BhejucolerseoLtrcosttroverrunseasand#fji che implications of 


alternative financing schemes. 


6.2 The Case For Market Failure 

Bator defines market failure as "the failure of a more 
or less idealized system of price-market institutions to 
Sustain ‘'desirable' activities or to estop 'undesirable' 
ACEIVitTes (Baton, miloDS webs) ~e based oOnethiseaetinition, 1c 
appears that market failure may exist in the market for 
non-conventional energy technologies, coal liquefaction in 
particular. This market failure would be manifested in two 


ways. First, private net returns from coal conversion appear 
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to be lower than social net returns. This is reflected in 
higher annual required increments in the price of oil for 
the private case. This leads to the observation that a coal 
liquefaction project could provide positive net social 
benefits yet not be undertaken by a private firm. Second, a 
private firm wishing to minimize the annual increase in 
revenues necessary to break even would not make a choice 
from the four alternatives examined which would be 
consistent with the social optimum. 

The presence of these inconsistencies in the analysis 
arises from differences between specified oil and gas prices 
and from differences between specified discount rates. 
Isolating the differential impacts of pricing and discount 
rates is MIELTeuLe since the alternative model 
specifications are not strictly comparable; the financial 
ae requires after-tax cash flows while the _ social 
evaluation is presented gross-of-tax. One solution to this 
problem might have been to use a pre-tax rate of return for 
the financial analysis. Sugden and Williams point out: 

A firm that appraises projects by applying a 
discount rate of 6% to their net-of-tax outlays and 
receipts, when profits are taxed atia rate of 50%, 
is behaving as if it were conducting a cost-benefit 
analysis Using am@socialSrdrscounte rarer eolMeiv7. 

(Sugden and Williams, 1978, 212) 

Unfortunately, this approach must be rejected since it is 
after-tax returns which motivate private investment 
behavior. 


An alternative approach is proposed whereby social 


prices for oil and natural gas are employed in the financial 
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analysis model. This facilitates comparison of the two 
pricing alternatives as well as identification of the 
disparate impact of higher discount rates. Results of this 
undertaking, based on the scenarios used previously, are 
presented in Tables 6-1 and 6-2. 

Examination of the required oil price increments in 
Tables 6-1 andéG-2 reveals that values ticog Cases  i8iand 2, 
where hydrogen is produced from natural gas, are higher and 
values for Cases 3 and 4, where coal is gasified to produce 
hydrogen, are lower than those indicated where market prices 
were used (Tables 5-3 and 5-4). In fact, required oil price 
increments for Case 4 are sufficiently lower to make this 
alternative the preferred choice in each scenario. This 
would be consistent with the optimal social choice indicated 
in chapter 4. Tables 6-1 and 6-2 also show that required oil 
price increments for the preferred Case 4 alternative are 
much higher in magnitude than increments for Case 4 in _ the 
social evaluation. Increments here are much closer in 
Magmucude tov.those, for Ne) “preferred MCase § 2) fn0m “the 
financial analysis of the previous chapter. 

From the above observations we can draw two 
conclusions. Since the preferred alternative using the 
financial analysis model ‘switches to the» preferred ‘social 
choice where social rather than market prices are used, it 
ig evident that pricing distortions would be responsible for 
an inappropriate design-mix selection by a private firm. 


Discount rates, however, have not been adjusted from 


est 


owt eda 30 
ais 20 sbesasthianil ted bes 
eid. 30 ide a ae 
eqs \ylavoiverq eam ane yodg 10 boesd antia 
v yhr® Baw 1-2 | 

at egmemeton® golitq al penny eda ioe 
8 Sos | see80 20) eoulev hla bones kate 
bos ~ipia e768 .@60 fewwiten morh beahorq et noporbed a 
eouborq od beitlese et Ison, etosiv ,% Bre £) 2eenD 
genisq tedzem sxotw beasoibnl aeods neds 1990L 918 v 
esi1q Lio Sszivper .9De2 MP .{p-e Gan Ene | 
sind: atom sais rewol qlinetot?iua e7e. > vas ae | 
aitT .olsenevea dose ot eotedo Serieteid edz: 
batssibat ssiodo (etooe iemiitqo ode dtiv sneaatanos, od 6 
Lio berinpes tedd.wedp) o8ke) 9-0 bos fd enldet, Py 

exe svidanvetie $ stad Hetis¥asg of? - 102 7 
eds at © seed 10% aynenszcal avis ebustagem ni 2 
nt teaoio dour ohm, stent | expaterone oaksautae 
edi mowd & 9862 bantetesq afd, 102). spods od bt 


130 


Table 6-1 Annual Required Oil Price Increments For Financial 
Analysis With Social Prices Under Alternative Oil 
Price and Discount Rate Scenarios - Base Capital 


Discount Case 1 Case 2 Case 3 Case 4 
Rate (% change/yr) 


Base Capital / Constant Real Oil Price 1982-91 


725% 3.68 Bs ite 2a07 1.60 
Ose Gace 6.54 Whol: 4.67 
15.0% ide69 2409 ike 59 1OnS5 
Base Capital / High Real 1991 Oil Price 

Bro % S25 2.94 2,49 1.42 
LOR 4 G08 Gris! See: 4,46 
152 0% hi228 ea ys) 11.14 Se} ashe) 
Base Capital / Low Real 1991 Oil Price 

Te Soys 25.62 3.48 32.03 Aveo, 
LO 2% Stew Gre) Ose ay OE 
15s 0% 12. OF, 12.48 ieee) 10a 


Table 6-2 Annual Required Oil Price Increments For Financial 
Analysis With Social Prices Under Alternative Oil 
Price and Discount Rate Scenarios - Rand Capital 


Discount Case 1 Case 2 Case 3 Case 4 
Rate (% change/yr) 


Rand Cost Growth / Constant Real Oil Price 1982-91 


La5% G53'5 I@Dg fois ep ue 
102% 10.44 Ome 2 10.40 SPS hs) 
15.0% 16603 16.54 16937 154,07 


Rand Cost Growth / High Real 1991 0il Price 


71.9% gee 7.43 fm02 6.69 
10.2% 10.28 10269 10.23 eae 
150% 15.68 losd 9 ID edo 14.69 


Rand Cost Growth / Low Real 1991 Oil Price 


7.5% 7.64 7220 7.49 6.49 
10.2% (Os TAS 11.14 ERIKS Sh ihe 
15.0% 16835 16687 16.45 1 peal 
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financial analysis specifications and required increments 
for the preferred case, although it has switched, have also 
remained relatively high in magnitude. This suggests that 
the higher private discount rates would affect whether 
liquefaction would be undertaken at all, even though social 
profits may be forthcoming. Thus, we may conclude that 
discount rate differences, whether actually representing a 
distortion or not, would serve to dampen the overall rate of 
commercialization of a non-conventional energy technology 


such as coal liquefaction. 


6.3 The Implications of Market Failure 

If it is the case that market incentives to pursue coal 
liquefaction (or other non-conventional energy sources) are 
inappropriate, and this appears likely, this may have social 
cost and policy implications. This is especially true with 
regard to non-conventional energy as a result of the lengthy 
and costly research, development, and commercialization 
phase which precedes operation of a facility. Early 
committment to a particular technology and input-mix is 
virtually irreversible once project development is underway. 

This discussion would appear academic except that there 
is some reason to believe that the process of development 
has already been initiated. Although immediate plans for 
construction of a liquefaction industry are not apparent, 
the funding of research such as the Algas study, as part of 


an ongoing phased “process, ‘suggests the “possibility of 
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action “in the “future. 

Implicit in the Algas study is the choice of natural 
gas aS a hydrogen feedstock and on-site generation as a 
power source. Based on the evidence presented in this 
thesis, this approach to liquefaction may not represent the 
most desirable route from a social perspective. This 
argument, of course, assumes that liquefaction will meet the 
necessary market requirements and that a private firm will 
be willing to undertake it. Again, the results presented 
here suggest that these returns may not be forthcoming, 
despite an indication of potentially adequate social 
Pecurnet We are left then with a situation wherein a private 
firm likely would not construct a liquefaction plant, even 
though it may be socially justified to do so, and that even 
if it did it would select a suboptimal design or input-mix. 

The above observations would seem to indicate the 
possibility of social losses. But what would constitute 
these losses and how significant would these be? Some 
insight is provided in Figure 6-1. Here, social returns from 
liquefaction are plotted against a range of average annual 
real wnGreases in the world toil price’ ‘which might be 
forecast tO occur over the project life. eS \Three {situations 
regarding commercialization of liquefaction are envisaged in 
Proungemo— |): CONStGUCH? OnmmOtmmtLne= Case mazmeprOoj]eCCt@ as = athe 
privately-preferred undertaking, construction of the 
socially-optimal Case 4 project, and no project  -constructed 
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other two projects are assessed. Social returns, measured by 
project net present values, were calculated using base 
capital, social prices, the constant 1982-91 real oil price 
scenario, and a 7.5 percent discount rate. 

The Case 2 project is taken as the private project to 
be considered since it represents the input-mix selected for 
FurEheérsexaminatdon inetheesaAlgasalstudy,Seandl thusesirouis 
assumed to be the choice of a private firm under a regime of 
market prices. Despite this, Case 2 is not the highest 
return choice according to rate of return information in the 
Algas study, which is consistent with the findings in the 
previous chapter. It is possible that the prospect of simply 
throwing away the by-product residue, which occurs in the 
preferred Case 1 scenario, was expected to meet with 
regulatory disapproval from a resource utilization 
viewpoint. | 

Social losses will be expected to accrue if the 
preferred course of action at forecast price inflation is 
not pursued as a result of market failure. The magnitude of 
these social losses at each rate of price change will 
consist of the difference between net present values for the 
chosen route and the optimal route at that level of 
bnfidationerA s2perusalivofwhFigurenc6-dosindicatesiothatapphe 
preferred route will change at the breakeven value for the 
Case! 4¥project: Atlforecasteprice inflation lower®than ethis 
value, continued importation is optimal, whereas at forecast 


rates above the breakeven point, the Case 4 project should 
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be selected. 

With the above observations in mind, social loss values 
arising from selected ranges of forecast price inflation can 
bégadeterminedhe If}—efor examplereforecast pricesinflation 
were in the order of 2 percent per year, and excessive 
private return requirements prevent construction of a 
liquefaction plant, the present value of social losses would 
total approximately $750 MM. If forecast inflation were 
closer to 4 percent, and private interests pursued the Case 
2. project rather than the Case 4 project, social losses 
would be approximately $2.75 billion. An interesting and 
perhaps more realistic scenario would be a forecast price 
inflation rate of 2 percent with sufficient subsidies 
available (of a non-corrective nature) to induce private 
undertaking of the Case 2 project. Here, losses would total 
the $750 MM cited above plus another $1 billion, the amount 
social costs for the chosen private project would exceed the 
cost of continued importation. 

Anyeconedusions arrivedefateiconcerninge theylpossable 
attractiveness of coal conversion must be tempered by two 
ebsenvations. oehirsty | epotentiabpjcostafovyernruns Faould be 
significant. As Table)4-5.indicated, pursuit-of liquefaction 
as an import alternative where Rand cost conditions apply 
may result in large social losses. Research geared towards 
clarifying cost relationships may help avoid this dilemna. 
Unfortunately, the price of this 'learning' may entail 


actual construction of a demonstration or fubl 
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commercial-size plant. Second, ut has been assumed 
throughout the analysis “that forecasts of oil price 
inflation, upon which a decision to construct a liquefaction 
plant may be based, will accurately predict actual 
circumstances during project operation. If forecasts are 
excessively optimistic, social losses may be incurred from 
Gonstructionvotta-VliquefactionSeplant idiesttétithe Shighty 
Capital-intensive nature of the investment. 

The cost overrun problem may also have policy 
implications. Mention was made in chapter 2 of the loss of 
learning effects externalities where rapid development of a 
new technology prevents incorporation of this learning into 
Successive plants. Should world oil market circumstances 
favor import substitution, policy makers would be wise to 
avoid the social losses that occurred from such hasty 
deployment in the nuclear power industry. 

Additional implications arise from the nature of 
financing of the liquefaction alternatives examined. First, 
it was assumed that a ‘liquefaction “project would be a 
pravaben undertaking. The result of this assumption was the 
choice 6fvan opportunity cost"price'®of capital invethe "10 
percentherangerenShould@ a Cliquefastion Sprojcctjebe either 
publicetor *e¢publiclhy=sponsoredy+ta lower discount rate 
approximating@®the “social antime®*preference/-rate Scouldtbe 
applied to capital as well as net returns. This approach was 
adopted by Wirick in his evaluation of the social production 


costs of syncrude from tar sands (Wirick, 1982). For the 
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liquefaction case, use of a 4 percent rate applied to UPboth 
capital and net returns and the constant 1991 oil price 
scenario shows a required annual oil price increment of 
Bo-COmmpercent “for Case 4: Even if we assume Rand cost 
conditions to be true, the Case 4 alternative, under the 
Same assumptions, shows a required increment of 1.41 percent 
peteyear. Obviously, a public sector liquefaction project 
could be feasible under most imaginable cost and oil price 
assumptions. 

It was also assumed in the analysis that domestic 
Capital markets would provide the funds for a liquefaction 
facility. As was pointed out in section 2.5.3, this may not 
necesSarily occur and, in fact, has not been the case 
historically for large energy projects. Pt (1s certdaan; for 
example, that equity participants in Syncrude, as Canadian 
Subsidiaries, tapped their American parent companies for 
funds. Applying social benefit-cost analysis to a 
foreign-financed energy project, however, entails a number 
of adjustments to the accounting framework. 

eine it is probable that foreign funds invested ina 
domestic project would not have been employed in Canada _ had 
they not been used to finance the project under 
ConSsldema auOm meRL Nel Tr ammODDOLLUNit ye 1cOStm tO. the domestic 
economy is zero (Little and Mirrlees, 1974). The after-tax 
return generated by this investment, however, does represent 
a real cost to the host country. Little and Mirrlees point 


out: "If it is all remitted abroad at once, it naturally all 
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counts as cost: these remittances are the cost of foreign 
investment, and the question is whether social returns to 
the country justify that cost." (Little and Mirrlees, 1974, 
197-198). 

The 'social returns' generated by a foreign investment 
aheGenountso abvrous, butiionceragaince Little fandéMirniees Sane 
helpful: 

»-.- in the case of the simplest foreign investment 

(no local participatvon and all profits: remitted), 

ignoring unquantifiable externalities, the social 

protits of the host country in any year consists of 

(apanghe tidirecé lutax anpaid}hpliuso¢b) @the laccounting 

value of the output minus the actual receipts, plus 

(c) the actual value of its expenditure minus the 

accounting value. (Little and  Mirrlees, 1974, 

(2P=028 ) 

Benefit (b) described above represents the social net 
present value of the project in a conventional sense; for 
the liquefaction case, annual costs consisting of capital 
depreciation, net-of-tax returns remitted abroad, O&M 
charges, and taxes, are’ subtracted from the value of 
displaced oil imports. Social benefits under (c) would 
consist of any difference between the social and market 
values of the domestic resources employed in construction 
ande@operationmofethe project; fehroughoutprthes Ssthesiseythis 
difference has been assumed to equal zero. 

The external effects of foreign financing should also 
be considered. Remittances of interest charges or after-tax 
profits represent payments abroad, offsetting the desired 


credit in the current account balance achieved by displacing 


imports. Any external balance of payments benefits which 
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would have been gained from reducing import purchases by an 
amount equal to remitted interest or profits are now lost 
and these foregone benefits would constitute a social cost 
obmeforeigny-financing. Sfinecadditicm to tbalancetof payments 
effects, other social costs associated with foreign direct 
investment, some of which are discussed in section 2.5.3, 
mayesalsog?beSeincurved, IfFon@adiunthter tdusctissizons offéthese 
issues, see Grubel (1977) and Kindleberger and Lindert 
GHS78)) 

Using the evaluation methodology outlined earlier in 
this thesis, the capital flows, tax revenues, and required 
Oil price increments arising from foreign financing of a 
liquefaction project can be determined. Burgess (1981) 
quotes an average real supply price of foreign capital of 4 
percent, a rate at which the supply of foreign funds is 
assumed to be unlimited (Wirick, 1982). This rate is 
netrofttaxpeagainyitsince tthrs itisrethe crealescost ofofthe 
capital to the domestic economy (excluding the external 
implications of trans-border capital flows). If the Case 4 
Eee was 100 percent foreign financed at 4 percent 
after-tax (constant 1982-91 real oil price scenario), 4 
percentisrwasrc alsorstaken prasietthea discount wate ecandiethe 
relevant corporate income tax rate - which is identical to 
the rate applied to domestic firms - was applied, the 
pre-tax annual capital-related charge would be $611.62 MM. 
Of this amount, $286.79 MM would be principal, $172.16 MM 


would be remitted interest charges or profits, and $152.67 
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MM would be corporate tax payments. These figures include 
interest and taxes accumulated during construction. 

bagtermsthot tthe  belance ofsupayments timpactieofiaa 
domestically-financed project, Table 4-3 indicated that the 
Caser4 projectyunder)theeconstantie 1982-91) orealri oilioprice 
scenario would initially displace $777.75 MM in oil imports 
(realti982indollars)se,Initadditionh,s the? Caseen4 scenario 
assumes that $158.44 MM in additional natural gas exports 
couldtebemsgenepatedtedbriraging t&hematotalpranauall foreign 
exchange 'earnings' of the project to $936.19 MM, in first 
year prices. If the project is foreign-financed, the balance 
of payments impact will be reduced by $172.16 MM, the full 
amount of after-tax returns assumed to be remitted abroad, 
leaving the total exchange earnings of the project at 
$764.03 MM per year. 

The capital-related charges calculated above also show 
that the deadweight loss from interest charges or profits 
would be almost completely offset by new corporate tax 
receipts. The difference, $19.49 MM, represents the average 
annual wee caca returns in excess of all accounting costs 
(benefit (b) above), which must be generated by the project 
in order for a zero net present value to be attained. Based 
on a 4 percent social discount rate, the required increment 
in the social value of output from Case 4 to provide this 
zero present value would»be -3.02° percent per year. This 
value is significantly less than the .84 percent indicated 


in Table 4-4 where domestic financing is assumed. 
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If a more realistic assumption is that the after-tax 
return to foreign capital, and thus the discount rate, would 
beveloserntoctheigi0f2ctperncent lassumed siniathe!lofinancial 
analysis, and this is reflected in the market price applied 
to project output, the required increment would rise to 4.26 
percent per:oyear: roThis*-comparesfetostan increment intthe 
domestic-financed case, with use of a 10.2 percent discount 
rate, bofi2:30 pencentépertiyear* 

It should be noted that if the market price of output 
heommiea aliqueBaction plant is tied “to *the price of 071 
imports, a particular after-tax return to foreign investors 
cannot be guaranteed should the world oil price fall; and 
additionally, since the funds have no domestic opportunity 
cost, a lowjrealized return to foreign funds, wil not incur 
social costs as long as it is offset by taxes plus the 
excess of Oil import prices over the market price of output. 
Clearly, the desirability of foreign financing will depend 
Cructallys.on* the Sratesm@ ote Sretumn fexpectedr iby eroreign 
investors and whether these returns are assured by the 
market aioe Of output? 

The discussion presented in this chapter supports the 
conclusions that from a social perspective liquefaction may 
be more feasible than previously thought and that hydrogen 
from coal should be examined as an alternative to the 
natural gas feedstock case. Exceptions to these conclusions 
will be evident in the presence of the following: 


significant cost overruns, excessively optimistic forecasts 
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of oil price inflationyvorihighsratestofusreturn guaranteed 
on foreign-invested Capital: spin’ all @eases, Yambitious 
development of liquefaction may lead to social losses. In 
addition, it will be necessary to assess liquefaction 
against other import substitutes and hydrogen from coal 
against hydrogen from alternative feedstocks. In the latter 
case, coal gasification could be assessed against exotic 
possibilities such as use of off-peak hydro power for 
hydrogen production (electrolysis), once cost information 


becomes available. 
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7. Observations and Conclusions 


7.1 Observations 
This thesis has examined the potential for oil import 
Substitution from a non-conventional energy source such as 
coal liquefaction. The analysis focused on the prospects for 
this  technology-»from a social perspective, as well as the 
potential for a» misallocation of resources due to a 
divergence between social and private profitability. In the 
course of the study a number of points were noted which 
relate to an economic evaluation of undertaking 
liquefaction, but could not necessarily be reflected in the 
quantitative analysis. These observations are summarized 
below. 7 
1. Schmalensee (1980) makes the valid point that the 
presence of market) &distortions, in’ thes market) for 
non-conventional energy does not imply that corrective 
action, such as subsidies, should be taken. Production 
in many industries demonstrates a divergence between 
séStat and private optima and there exists a tradeoff, 
in terms of pearectiad for this, between what is 
theoretically desirable and what is administratively 
possible. In order for non-conventional energy projects 
to warrant subsidization, further justification, such as 
the existence of unique distortions or circumstances, 
would be necessary. 


2. In the case of most non-conventional energy-related 
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market distortions, alternatives besides adjusting 
project costs and benefits exist for corrective action. 
Examples include: appropriately drawn up agreements to 
circumvent uncertainty over future regulation, a 
Strategic stockpile of petroleum along with an 
administered devaluation to alleviate both security of 
supply problems and concern over the balance of payments 
effects of an increasing import bill, and alternative 
regional investment expenditures which might satisfy 
regional employment and income enhancement objectives in 
a more Satisfactory manner. Where these alternatives are 
preferred, whether on efficiency or equity grounds, 
theneliisd Litblevajustriicationd for attaching Such 
benefits to a non-conventional energy project. Subsidies 
anddstariittspugas faomresubtjglarerebessivdikedy ptrotebe 
warranted. 

Even though some legitimate market distortions may arise 
from import substitution and require corrective action 
(pricing, for example), these will be at least partially 
pageee by certain extramarket costs arising from large 
expensive energy projects. For example, continued 
importation of petroleum clearly avoids the plethora of 
environmental problems associated with tar sands or 
highefaction@pkants. In addition; ithe “capital-intensive 
and costly nature of these plants means that significant 
reductions in import prices, once the project is built, 


could precipitate social losses from import 
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substitution, even though returns may still cover 
short-run marginal costs. 

Uncertainty over cost relationships in large energy 
projects has led to significant overruns in final costs. 
Unfortunately, outside of predictive models such as the 
Rand cost growth model, these relationships can likely 
be clarified only through project construction. Should 
such construction occur, industry development should be 
phased so as to take advantage of this information, 
whether technical or cost related, when successive 
plants are built. 

BRP RRR hee energy projects have generally been 
visualized as privately-sponsored projects. This implies 
anmopportunityrcost ofceapntal approach to investment 
funds, although from a social perspective, net project 
returns can be discounted at the social time preference 
rate. Such private projects require much higher rates of 
return due to tax and risk»factors; and this results in 
fewer projects being undertaken. If such a project were 
Beebe or }epubliclynsponsored; discount rates and 
required rates of return could be much lower. This would 
effectively reduce the social production costs of 
project output and presumably increase the optimal 
number of projects. 

bivacliquefactioniplantgismwholby ocorséparnviallyetiunded 
from foreign sources, there will be a number of 


implbicationsadThe true costi,of tthis caprtalweted the 
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Canadian economy is the net-of-tax return, which flows 
out of the country, Since the tax portion represents new 
domestic earnings retained and the capital itself has no 
domestic opportunity cost. Calculations fier a 
liquefaction project indicate that the remitted portion 
of earnings is largely offset by the new government 
revenue provided from taxes. Whether foreign financing 
will generate greater or fewer net benefits than the 
domestic financed case was indicated to depend crucially 
on the Spread between returns to foreign direct 
investment and domestic opportunity costs, and whether 
foreign returns would be guaranteed when the market 
price of project output is set. The issue becomes 
complicated further once the external effects of capital 
flows are considered. 

Social assessment of coal liquefaction must address’ the 
issue of coal opportunity costs. If coal destined for 
conversion could generate social profits elsewhere, then 
foregoing these must be included as a legitimate cost of 
eaavener liquefaction. Indications are that sufficient 
quantities of coal exist for conversion without causing 
a shortfall elsewhere, particularly in the thermal power 
industry. On the other hand, if new power plants must 
make use of higher cost coal, thus increasing delivered 
power costs, S9this je@costemust ebevoffseteby oliquefact von 
net benefits. Where optional uses are available to 


private holders of coal, this cost would be 
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internalized. This problem is unlikely to arise given 
current power demand forecasts, however, until after 
2005. 

8. Production of large quantities of carbon dioxide from 
liquefaction also presents problems fOr social 
evaluation. Where this gas is freely dissipated into the 
aicemlonglfun.sociat@costs areoincurrededtentosl climatic 
impacts such as the ‘greenhouse effect'. On the other 
hand, carbon dioxide may have a scarcity value in use 
for enhanced oil recovery. This latter benefit would 
only accrue where alternative sources of the gas are 
more costly or non-existent. Where this benefit does 
occur, it may serve to partially or fully offset coal 


opportunity costs. 


7.2 Conclusions 

The quantitative analysis contained in this thesis 
involved the private and social evaluations of four 
liquefaction projects. The alternatives varied with regard 
to ainedek manufacture (steam-reforming of natural gas or 
gasification of coal) and power source (purchased or various 
on-site generation designs). The private and social 
evaluations of each project differ in terms of the 
Specificationaof hydrocarbonPrpricesorand) *discounterratess 
Rather than using project net present value for comparison 
purposes, this was set equal to zero and the real annual 


increment in world oil prices which satisfied the net 
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present value’ equation was calculated. This was meant to 

exclude the uncertainty of future oil price inflation. Thus, 

results “are notecontingent ‘on any particular ‘price scenario 
occurring during the operating phase of the project. 

The projects examined were based on an engineering cost 
study and other data sources, and were assumed to come 
on-stream'in 1991. In.order*to account for potential changes 
in oil prices and provincial economic activity between 1982 
and 1991, three scenarios were developed for the real 1991 
Oll price. As well, the possibility of cost overruns was 
taken@auntoe. accotmugeby thincludingtracscenarroetwithicapital 
costs at 82 percent above their base case values. This value 
waS determined through use of the predictive Rand cost 
growth model. Results and implications from the analysis are 
Summarized below. 

1. Results of the analysis ranged widely and were sensitive 
OG the ltehoideotofetdiscountr ratte Brand tecaprtal cost 
scenario. The most promising case, which makes use of 
coal as a hydrogen source and on-site coal-fired 
generation for power, wasS evaluated at a 4 percent 
discounttrate, intght1991 ofl tprice;s andtebase 4écapital 
costs, and showed a required real oil price increment of 
.69 percent per year (over the project life). Based on 
current and historical projections, liquefaction would 
appear to have some potential. Where Rand costs apply, a 
required increment 4 to 5 percent per year higher could 


be expected, effectively removing all prospects for 
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Socialseprofits. 

A market or financial analysis of the same liquefaction 
projects yielded very different results from the social 
evaluation. Annual required increments were higher and 
the preferred input-mix switched to one where natural 
gas is the hydrogen feedstock and power is purchased. 
The findings reflected a lower syncrude price, a lower 
natural gas price, and higher required rates of return. 
The perceived divergence between the social and market 
assessments was taken to indicate the presence of market 
Davbhures | Alt nOugnhemeniG BLSieStrict) wastrle s—EbOmn price 
distortions, it is unclear whether a divergence between 
social and private discount rates actually represents a 
true distortion. A simple test showed that the price 
distortion was responsible for the inappropriate private 
choice of inputs while the higher private discount rate 
led to lower profitability for the private project. 

The major implication of the analysis is that market 
failure could lead to social costs where forecast oil 
Brice inflation is adequate for development of a 
Piquefaction vindustry.. If) realworl@pricesinilariongis 
expected to be in excess of 1258to 2 percent seper syear; 
construction of either no liquefaction plants or plants 
with a Suboptimal edesignecould sleadstoeSocials losses ein 
the billions of dollars. Indications are that current 


private commercialization research is focusing on an 


inappropriate input-mix and should be reassessed. 
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Despite this, examination of coal liquefaction, and in 
particular a hydrogen-from-coal based design, is 


warranted in the future assessment of oil import options 


Form Canada. 
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APPENDIX 1: Coal Cost Adjustment 


Section 3.3.2 outlined a method for adjusting coal mine 
costs to account for economies of scale. Since these effects 
aner@pronounced in the Strip mining of coals, those 
liquefaction cases which make use of coal gasification for 
hydrogen or coal-fired power production could be expected to 
have lower unit mine costs than those liquefaction cases 
which do not need additional coal for these purposes. If a 
marginal cost curve existed for western plains coal, 
MieOrmat von One Unt Ce COSLS) COULd be easily deduced. 
Unfortunately, with ~ the absence of such a curve an 
alternative approach was necessary. The approach selected 
was the use of econometric cost functions devised by 
Zimmerman (1981) for western American sub-bituminous coal. 
Using physical and geological data for the required mines in 
this study, costs for a specified data mine, and the above 
mentioned cost functions, costs for the required mines were 
derived. Since Cases 1 and 2 required volumes of coal 
Similar to the data mine, no adjustments for these two cases 
were made. Adjustments made to Cases 3 and 4 are detailed in 


the following sections. 
i) predicted values 


Zimmerman's equations are presented in the following 


additive form: 
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where: 

initial capital cost ($ MM) 


deferred capital cost ($ MM) 
O&M = operations and maintenance cost ($ MM/yr) 


x 
Now 


R = average strip ratio (cu yd/T) 
Q = annual output of coal (MM T/yr) 
N = number of draglines 


Physical data for the three mines is the following: 


Coal Mine Physical Data 


R .@) N 
data mine 8.59 Be ha lee 6 
Case 3 Bi eee Welee9 O 6 
Case 4 S759 ik3,. 8O 6 


Inserting these values into the above equations yields 
the following predicted values: 


Coal Mine Predicted Cost Values 


K,; Kg O&M 
data mine 72.94 5 O20 83 0 
Case 3 85. 50 Binet! 10.00 


Case 4 See t Ceres 11.14 


ii) cost adjustment ratios 

In order to adjust data mine costs to give estimates 
for Cases 3 and 4, ratios were formulated with the predicted 
data mine value as denominator and the appropriate Case 3 or 


Case 4 predicted cost value as numerator: 
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Coal Mine Cost Adjustment Ratios 
Ry Kg O&M 


CASS o mo. 50/2 oo er ome On O37 5, 20S ri 21a Oe 00, 6230=4 2205 
Caseeenk 987577725 9421N283 16.257502081, 202de 1191478. 30=11842 


iii) adjusted final costs 

The above ratios were used to multiply data mine costs 
to get adjusted costs for Cases 3 and 4 (Montreal 
Engineering, 1978). 

Total capital costs are the sum of adjusted initial and 
deferred costs. Deferred capital for the data mine was 
averaged over the 25 year project life and discounted to the 
present at 10.2 percent. Final operations and maintenance 
costs include municipal taxes and insurance at 2 percent of 
imztial “capital. This “approach results in the following 
final values for capital and annual charges, which were then 
entered in Table 3-5) of chapter 3: 

Coal Mine Final Costs (¢ MM 1982) 


data mine Case 3 Case 4 
(Cases | and 2) 


Pnitral capital 283 33,2 S63 
Deferred capital eS) 89 95 
TOTAL 362 421 458 
O&M See Uz 44.61 49.68 
Taxes and Insurance 51. 66 6.64 Laneud, 
TOTAL 42.68 Since DO.90 


For the financial analysis contained in chapter 5, the 


calculation of coal royalties was necessary. Since the 
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royalty is calculated at 5 percent of gross revenue, the 
gross revenue requirements for each mine included here were 
determined. This meant amortizing capital at an assumed 
pheatax wate of returneot 13.2 percent; made up™ of “a 1072 
percent after-tax component anda 3 percent net corporate 
income tax allowance (Helliwell and May, 1976). To the 
capital charge was added the relevant O&M cost from above. 
Calculated royalties, based on 5 percent of capital charges 
plus O&M, were: $4.64 MM per year for Cases 1 and 2, $5.47 


MM per year for Case 3, and $6.01 MM per year for Case 4. 
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APPENDIX 2: Detailed Cost Estimates 


In addition to the two liquefaction cases outlined in 
the Algas Study, two alternative cases were assessed. These 
differed from the Algas cases primarily in that hydrogen was 
produced from coal rather than natural gas. As a result of 
this difference, the plant's material balance was altered 
and adjustments to a number of process areas were required. 
This involved capital and operating cost changes for both 
Case 3 and Case 4. The process areas affected, in addition 
to hydrogen production, were: power, coal preparation, ash 
handling and disposal, coal handling and the sulphur plant. 

Capital Costs for Cases 1 and 2 were updated directly 
from the Algas Study and totals are contained in Table 3-5. 
In order to make consistent estimates for Cases 3 and 4, 
costs for process areas affected by the change in hydrogen 
production were netted out of the Case 2 eStimate, leaving a 
residual "base' Cost. Process area costs were then 
re-estimated, based on Case 3 and Case 4 parameters, and 
added to.the 'base' cost to give a total construction value. 
The 'base' cost is derived as follows: 


DerivawpeonsoteBase Plant Cost (¢ MM 1982) 


Case 2 total cost 4200 
Hydrogen plant aYo4 
Power and Steam Plant aa7 38 
SubfurnPhant =22 
Ash Handling and Disposal = 
Coal handling ~88 
Base Cost 2002 
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The following passages describe the re-estimates for 
Casesop3 fande4. All values®° are summarized in aftable at® the 


end of the section. 


i) hydrogen plant 

United States data was obtained for a coal-to-hydrogen 
plantewandeocontainedva cost for a 35157 MM SCFD process unit 
at an eastern Kentucky location, expressed in mid-1975 
prices (United States Department of Commerce, 1978). In 
order to convert this to a 1982 total cost for a 770 MM SCFD 
plant at an Alberta location, a number of adjustments were 
necessary. Inflation waS accounted for by using the 
Statistics Canada construction cost index for Chemical and 
Petrochemical Plants’ {Statistics® Canadaj"* 1983a).seSizerewas 
adjusted using a .8 factor for ed onbihies of scale (Dynawest, 
1983). All indirect cost factors were taken from the Algas 
Study. Adjustment factors are summarized below: 


Adjustment Factors for Capital Cost Estimates 


Inflation Kt ie cS 
Sizee(770/3529ceé Xescno7 
Location Xo 1s46 
Transport and Import Duty XY 41825 
Piping, Instrumentation, 

Electrical, and 

Process Structures r& TEARS IC) 
Offsite Piping, Site 

Development and 

Administration Buildings x tne30 
Engineering and Construction par RG Ses 
Contingency KCOnGI20 
TOTAL XEZ4.u 


Applying this value to the source cost of $118 MM gave a 
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final cost of about $2870 MM. This value, when compared to 
the capital cost for the steam methane reforming plant, 
Shows 2 alana ofotifabotm,3 to 1. This is identical to results 
obtained by Corneil (1977) in a study of the production 


economics for hydrogen to the year 2000. 


ii) power plant 

For Case 3, a combined-cycle power plant was integrated 
into the liquefaction complex. Use of coal gasification for 
hydrogen allowed by-product fuel gas to be used as the power 
plant feedstock. Based on International Energy Agency (IEA) 
data, the cost of a combined-cycle plant is approximately 46 
percent of the cost of an equivalent coal-fired plant 
(Hemming et al., 1979). The coal plant cost used here is 
from Keephills and totals $743/kW on 1982 dollars (EUPC, 
1983). This implies a combined-cycle cost of $342/kW. 
Multiplying this by the 600,000 kW of capacity gives a total 
GOST OLy S$ 205 .MM; 

The Case 4 power plant was assumed to be similar to the 
Case 2 solid residue-fired plant, described in the Algas 
study. Since the power required was only half of the Case 2 
output, costs were scaled-down using a .8 factor on the 
powemtdene naitsion gumi Geandega EraG ffactom sonchtherefluepicgas 
desulpherization unit. The reason for the higher factor on 
the power unit was the lower expected economies of scale due 
to the existence of two parallel trains in the source 


estimate, one of which would be removed for Case 4 
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requirements; thus, “no change in boiler capacity would 
occur. The resulting total cost was $333 MM, compared to a 


Case 2 value of $575 MM. 


iii) other process areas 

Cost re-estimates were necessary for several other 
process areaS, including: sulfur plant, coal handling, and 
ash handling and disposal. Adjustments in each case were 
made by first determining the new capacity required and then 
adjusting costs with a .6 scale factor. Final values are 
indicated below: 


Adjusted Process Area Capital Costs ($ MM 1982) 


Case 2 Case 3 Case 4 
Bases Coste 2002 Zone 2502 
Hydrogen Plant 954 2870 2870 
Power Plant Sais) 205 335 
SuULLULe Plant 22 112 112 
Coal Handling 88 100 109 
Ash Handling 
and Disposal 11 64 64 
TOTAL 4200 5903 6040 


an weenmenice to plant operating costs were based on 
information provided in the Algas study, . suitably updated 
where necessary. AS in most engineering level studies, 
operating costs are derived from factors which are applied 
to certain project parameters. These factors, inclusive of 


by-product values, are listed below: 
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O&M Cost Factors and By-Product Values 


Labor 
Maintenance 


Contract Maintenance 
Insurance/Taxes 


Power purchased 

Power sold 

By-products: 
Sueur 
Ammonia 
Soda Ash 


Applying these values to the 
Gostesintcrmation® mnee Table 


totals also provided in that 


$30,500/man-yr. 

ie of teapweam 
(excluding contingency) 
$2 MM/yr 

Zp OL Capital 
(excluding contingency) 
$26/MW-hr 

$21/MW-hr 


$50/t 
$385/t 
ST eye 


material balance and 
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capital 


3-5 gives the operating cost 


table. 
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APPENDIX 3: Rand Cost Growth Model 


Invorder= = to saccount Pion, Ehe Ppossebaiaty of: large 
capital cost overruns, analysis from the Rand cost growth 
study was used for predictive purposes. In the Rand study, 
Merrow et al.(1981) constructed a regression equation using 
a number of independent project and technology specific 
variables with the ratio of estimated to final costs as the 
dependent variable. Although their sample of 44 energy 
processing plants does not include a liquefaction plant, it 
does include several tar sand and oil shale projects. For 
purposes here, and based on their recommendations, it is 
assumed the analysis would apply equally to a coal 
liquefaction plant. Their equation is: 

GGEs Wi s6ee 00297 Pl arO21259Mts201797614 500m 1 mIN 


3204 Ou 1D,PD -,.06361D2PD 


RSt=ace3 SE = .83 
where: 

CG(Cost Growth) = ratio of estimated to actual 
costs, excluding external 
COSt~vaCBOLS. 

P(Percent New) = percent of estimate incorporating 
technology unproven in commercial 
use. 

IM(Impurities) = assessment by industry process 
engineers of difficulties with 
process impurities encountered 
during development. 

C(Complexity) = block count of all process steps 
IM plants. 

IN(Inclusiveness) = percent of cost items included, 
measuring completeness of 
estimate. 
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PD(Project = levels of site Specific information 
Definition) and engineering included in estimate; 
D, = 1, Dz = 0 if process 
proven at precommercial or commercial 
stage, D, a OF D2 = {af 


process in R and D Stage. 

For the liquefaction plant under consideration here, 
variable values were determined in consultation with 
engineering staff at Algas Resources. The values settled on 
were: 

PERCENT NEW = 40 

IMPURITIES = 4 

COMPLEXITY = 10 

INCLUSIVENESS = 100 

PROJECT DEFINITION = 5.75 

D, = C7 D> = | 
Inserting these values in the above equation yields a cost 
growth figure of .549. Inverting this results ina value of 
1.82, suggesting an 82 percent increase in actual costs over 
initial estimates for the project in question. This’ value 
was used to inflate the capital costs presented in Appendix 


@eand chapter 3y (to sallow ys consideration “of a Rand “cost 


growth scenario in the analysis. 
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